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EDITORIAL NOTE 


A paper by Olov Lindahl entitled “On the Chlorine Content 
of Human Muscle and Skeletal Tissue. With Special Reference 
to the Degeneration of Cartilage” was published in Fasciculi 
3 and 4, vol. XVIII of this journal. Before accepting it for 
publication in the Acta Orthopaedica it was sent for scrutiny 
by the chemists. After its publication the chemical method 
upon which the work was based was re-examined and shown 
to involve an error which had not been detected by the author. 
The editorial board record their regret, and, with Prof. Jorpes’ 
permission, append a short account of the result of the control 
investigations. 


Sten F rib erg. 


1 Acta orthopaedica, Vol. XIX, 1 



l’[{()\1 THE CHEMISTRY DEPARTMENT II OF THE KAROUXSKA 
INSTITUTE. STOCKHOLM. HEAD: PROF. E. JORPES 


“BOUND" CHLORINE IN CASEIN AND IN TISSUE 

PROTEINS 

BY 

VICTOR MUTT, Assistant, 


Lindahl recently analysed casein, and found that it con- 
tained about one per cent chlorine in bound form. In the 
analytical method used by him the casein was treated with a 
boiling mixture of chromic and sulphuric acids, and the gases 
evolved were passed through a known quantity of silver 
nitrate containing As.0,. The consumption of silver nitrate, 
assumed to be due to the clorine in the casein, was determined 
by the Volhard method. As the presence of chlorine in casein 
does not agree with the generally accepted opinion on the 
composition of this protein it seemed necessary to check Lin- 
dahl's results. At the suggestion of Professor E. Jorpcs I 
undertook to control the analytical procedure. Dr. Raynar 
Rory who performed the analyses for Lindahl kindly demon- 
strated bis technique in our laboratory, thereby greatly facili- 
tating our work. 


Lasein. prepared by isoelectric precipitation with acetic 
acid, was analysed for chlorine by the Carius method. No 
trace of chlorine could be detected. When the analysis was 
performed with tiro technique used by Lindahl, a precipitate 
insoluble in nitric acid was actually formed, and the Volhard 
titration showed a consumption of silver nitrate corresponding 
to u.i.i pei cent chlorine in the casein.. It was. however, observ- 
ed that the precipitate differed from silver chloride in that 
it did not darken when exposed to sunlight. When fused with 
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Na-CO, no chloride was obtained in the alkaline filtrate where- 
as a similar quantity of silver chloride gave a quantitative 
precipitate with AgNO, on acidification with HNO,. Evidently 
the precipitate formed in the trap with silver nitrate was not 
silver chloride. Of the different silver salts that might he 
formed the formiate, carbonate and acetate are readily soluble 
in dilute nitric acid. The oxalate darkens easily in sunlight. 
The silver cyanide, however, is practically insoluble in dilute 
and only slowly soluble in concentrated nitric acid; moreover, 
it does not darken when exposed to sunlight. Consequently, the 
precipitate was assumed to he silver cyanide. This assumption 
was confirmed by analyses of the sample. A qualitative test 
for the cyanide ion with ammonium polysulphide and ferric 
chloride was positive. On ignition of 31,265 mg the silver 
residue weighed 25,065 mg or 80.17 per cent. The calculated 
amount of silver in silver cyanide is 80.57 per cent. In another 
sample the ignition residue was dissolved in nitric acid pre- 
cipitated with hydrochloric acid and the precipitate weighed. 
The silver content of the chloride corresponded to 80.2 per 
cent of the original sample. 

Evidently this source of error in the chlorine determination 
escaped the attention of Lindahl. His conclusions about the 
protein-hound chlorine in the body are consequently errone- 
ous. 


i* 



PROCEEDINGS OF THE NORD1SK ORTOPEDISK FORENING’s 
23rd MEETING IN ARHUS AND COPENHAGEN 
23 rd AND 24th OF SEPTEMBER 1948 
In the chair: P. G. K. Iientzon, Arhus. 

1. ,4m. Rnndliw-Mmlsen: Experimental investigations into the aetiology 

of Calve-Perthcs* disease. 

2. .4. Lantienskiuld: The growth mechanisme of the epiphyseal cartilage 

in the light of experimental observation. 

:t. l\ I.nnuensUidld: Coxa vara congenita on infantum with pseud- 
arthrosis in the neck of the femur. 

4. /,. Rituirxnn : On the internal structure of the motor cells of the 
anterior horns and its changes in poliomyelitis. 

Notes on the histoehemieal aspect of the changes of the spinal 
motor cells in anoxia, vitamin E deficiency and poliomyelitis, 
a. Demonstration of Sleeper’s new mechanical hand. 

0. II. Kjtvrhnlm: On treatment of fractures of the jaw, especially the 

fractures of the neck of the mandible. 

7. K. Rojel: On the treatment of radial palsy by tendontransplantation. 
K. V. Silfnershihld: Demonstration of an abduction splint with pelvic 
support and splint for the digits. 

9. /'. Thomasrn: Arthrogryposis muliplex. 

10. G. h. Iientzon & J. A ijerhol in -Christensen : Lambrinudi's ojicration 

for drop-foot. 

11. .S', imii Rosen: On osteosynthesis in the treatment of pseudarthrosis 

of the femoral neck. 

12. II. Sturm : A contribution to the treatment of pseudarthrosis of the 

femoral neck. 

12. J. Aiirrholni-I .hristensen : On Denis Browne’s treatment of club-foot. 
1 !. I t. 7 herhetsen & Kjeld Andersen : Fractures of the carpal bones, with 
particular references to the scaphoid. 

1. >. linns Son, inf); Conservative treatment of clavicular fractures, 
lo. Rthinnr Miujiiitsson: '1 he scalenus antieus syndrome. 

!<■ I.ril: Ui.bmj: On tin- technique and possibilities of reconstructive 
hand surgery. 
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18. J. Agerholm-Christcnscn: A simple instrument for a modified 

Bankart’s operation for recurrent dislocation of the shoulder. 

19. P. G. K. Bcntzon: Film from the international orthopaedic congres 

at Amsterdam September 1948. 

20. Ingcborg Lou: A follow up examination of olecranon fractures. 

21. H. Starklint & J. Staun: The effect of tetraethyl ammonium bromide 

on dysbasia arteriosclerotica. 

22. E. Hcnrichsen: Some cases of functional vascular disorders. 

23. E. Hasncr: On treatment of osteochondrosis of the spine by spinal 

fusion. 

24. H. Jcnsenius: Fracture of the astragulus. 



ORTHOPAEDIC HOSPITAL. ARHUS, DENMARK 
CHIEF: />. G. K. BEXTZOX 


EXPERIMENTAL INVESTIGATIONS INTO THE 
AETIOLOGY OF CALYE-PFRTHFS’ DISEASE 

11 v 

AA. RANDLOV-MADSEN 


Through the years there appear regularly new theories 
about the aetiology of Calve-Pcrthes’ disease. In them can he 
deleeted a well-founded douhl about Axhnuseiis theory, which 
has otherwise been widely accepted. 

Gradually all possible causes have been considered in the 
search for an explanation of Calvc-Perlhes’ disease and related 
conditions. The following review does not claim to he com- 
plete: it aims only to give an impression of the multiplicity 
of theories. 

It has often been suggested that the basis of the condition 
must he either hereditary or constitutional. This idea is sup- 
ported hv the observations of A aye Nielsen and Mollzcn- 
Nielscn. 


Hilibiiiy based his theory on the assumption of small ab- 
normal hone nuclei having fragile and vulnerable connection 
with the surrounding tissue. 

Hticke sought a purely physical explanation, assuming that 
the elasticity and resistance of the cancellous hone was re- 
duced by small traumata. 

hlm-k gave a chemical explanation: a disturbance of water 
and salt metabolism. 

the frequent occurrence oT the condition in individuals 
of so-called "endocrine” character draws attention to the 
possibility of ;1 hormonal disturbance. 
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Fromme considers that the condition resembles rickets. 
Infection (e.g. syphilis) and toxic poisoning were early 
rejected as causes, since they were not supported by the 
histological findings. 

The possibility of tumor formation— chondroma or giant 
cell tumor — has been considered (Preiser and Fraenkel). 

Amongst investigators in recent years Nagura has been the 
most energetic champion of trauma as the main cause of the 
condition. He thought he found, in a specimen of osteo- 
chondritis of the elbow, slight solution of continuity with a 
resulting “demarcation process of the cartilage”. Using young 
rabbits he submitted the femoral head to small traumata and 
produced mixed states of ossification which he compared 
with Calve-Per ihes’ disease. He described these process in 
the following way: 

1) First breakdown: the small primary lesion. 

2) First repair: the formation of cartilage callus and ossific- 
ation. 

3) Second breakdown, which occurs when satisfactory condi- 
tions for regeneration arc lacking; it consists of regressive 
changes determined by the mechanical factors. 

4) Second repair. 

Calvc-P critics’ disease should be the same as the second 
breakdown and the second repair. Nagura does not explain 
the predilection for a certain age and site, the familial in- 
cidence, etc. 

Impaired and increased blood-supply have also been con- 
sidered. Lcgg, who was one of the first to study the disease, 
in H)08, thought that the vessels at the junction between the 
femoral neck and epiphysis might be interrupted by injury. 

Axhausen thought that the condition was based on a 
necrosis due to obstruction of the arteries with emboli, which 
were probably non-infective bacterial emboli. The theory was 
based on observations of necrosis of the whole or parts of the 
epiphysis. Certainly necrosis can be found. But if the histo- 
logical studies of Calve-Per Hies’ disease are examined one 
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finds that necrosis is by no means a predominating or con- 
stant characteristic: cases have even been described where 
there was no necrosis (Molojinm). This theory fails to explain 
the most typical characters: familial incidence, preference for 
one sex, simultaneous appearance of changes in the head and 
acetabulum, etc. 

Ip sen introduced arterial spasm into the discussion. 

Lc riche thinks that hyperacmia may explain the condition. 

Henlzon recognised that it was a proliferative process— 
a kind of “pathological callus formation” — and this seems to 
me to he of great importance for the further study of the 
disease. The theory is that the process develops from a hyper- 
acmia due to minor lesions of the very vulnerable nerve 
elements which play a part in the vasomotor regulation. 
Certainly, however, there must he local and general changes 
to start the process. Bcnlzon thought that he would find 
support for his views by experiments in which alcohol was 
injected round the vessels and nerves concerned, using young 
rabbits. 


The theories already mentioned have hardly passed the 
stage ot stating the problem and 1 have therefore tried by 
basing my investigations on Henlzon’s work, to carry further 
those studies which seemed to me to have most nearly re- 
produced Cnlve-Perlhcs' disease. 

In the first series of experiments 28 rabbits aged between 
1 and 7 weeks were used. 0.25 ml. 80 % sterile alcohol was 
injected on the inferior side of the R. femoral neck at the 
plate "here the main artery to the head is usually found. 
I In' aim was to submit the vessels, and the nerves, to a 
traumatic effect. Marked changes were found in 2 animals 
aged I weeks and slight changes in I between ■} and 5 weeks. 
Radiography showed slight flattening of the head, often with 
increased growth on the medial side of the neck, and valgus 
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position. The surface of the head showed slight condensation 
and waviness. In 2 animals there were definite microscopic 
changes similar to those found in the second series. 

In the second series of experiments alcohol was injected 
into 26 young rabbits as in the first series, but the injections 



Fig. i. 


were repeated 2 to 4 limes at intervals of a few days. Here 
also a marked difference was found between the different 
age-groups: all except one of the 4-week-old rabbits showed 
marked changes, while the slightly older animals. 6-10 weeks, 
showed only slight changes, and 6 showed no changes at all. 

Macroscopicallv there was flattening of the femoral head 
corresponding to the uppermost weighthearing part. The 
cartilaginous surface was irregularly waved with depressions 



1UNDI.OV-MADSKN 


in it. The curtilage was yellowish, and seemed to be less 
transparent than on the sound side (fig. 1). 

Radiography showed the following changes (lig. 2): 
flattening of the head with an irregular joint surface, often 
wavy, hut sometimes roughened. The head itself was usually 
condensed, especially in the subchondral zone. In some pic- 


tures there were small transparencies. The epiphyseal cartil- 
age showed very marked changes: it was increased in breadth 
with a more irregular wavy formation and indefinite outlines. 
I sually the neck showed rather diffuse, rarely patchy, trans- 
parency. In many ot the cases a valgus deformity of the neck 
had developed. On the inferior surface of the neck there was 
usually a reaction to the alcohol injection: sometimes flat, 

and sometimes bulbous proliferations or spur-shaped forma- 
tions. 

Microscopy showed marked changes in 20 animals: again 
the head showed an irregular and flattened outline. The joint 
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cartilage was wavy with some thick and some thin parts. In 
some cases the cartilage cells were in small areas numerous 
hut irregularly arranged. The trabeculae showed marked 
variations in their arrangement; usually they were strikingly 
widely spaced with irregularly-shaped meshes; in other cases 
there was in small parts a closer, hut still irregular arrangc- 



Fiy. 3. 


mcnl of the trabeculae, though there was still wide variation; 
some were rather thin, and seemed more primitive, others 
were thick. In these parts there was considerable osteoblast 
activity (l'ig. 3). An almost constant change was an irregular 
widening of the epiphyseal cartilage. Many times small mush- 
room-shaped outgrowths consisting of cartilage cells were 
found (fig. 4). In one preparation the medial part of the 
epiphyseal cartilage was penetrated by a cellular connective 
tissue, which seemed to he preparing the way for a callus-like 
tissue. In some preparations there were changes in the epi- 
physeal cartilage which must he considered as necroses: poor 
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;in ,l „o staining of the nuclei. Similar changes were seen in 
Uu* joint cartilage and in sections of the bony part of the 
head, where some cases showed definite necrosis (fig. 5). In 
one place an ingrowth from the marrow into the necrotic 
part was seen. The marrow was usually fibrosed. In cases 
which had been allowed to live several weeks after the in- 
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jections the marrow seemed to have been converted into fatly 
marrow, and, similarly, the other changes showed a tendency 
to return to normal. At the site of the injections there were 
marked changes most often consisting of lumor-like masses 
of a primitive tissue resembling cartilage. 

\ arimis injection and staining methods were attempted to 
demonstrate the condition of the circulation. Injection of red- 
lead-gelaline showed the course of the arteries, and confirmed 
that the main artery ran under the neck: other methods were 
uKo uved. Indian ink-gelatine gave good pictures of the ar- 
rangement of the vessels. No new formation of vessels was 
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seen in the head, but there was rich proliferation of vessels 
round the site of the alcohol injections. When the vessels 
were artificially distended by the injection these methods gave 
no true impression of the degree of filling of the blood vessels. 
There were some technical difficulties in demonstrating the 
degree of filling, hut staining the red blood corpuscles was 
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fairly successful (using a modification of WeigeiTs slain). 
No definite hyperaemia could he found in the treated hips. 

In the 3rd series an attempt was made to produce an 
artificial hyperaemia by daily injections of procaine. No 
changes could he detected. The blood-filling was the same on 
the treated and untreated sides. 

In the 4th series, 11 rabbits were used, and small fissures 
were made percutaneously in the femoral neck to study the 
importance of direct trauma. No changes were seen in the 
head. 

In the 5th series Varcx was injected round the vessels of 
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llu' femoral neck in a few animals, in the hope that the blood- 
supply might he interrupted. Again there were no results, and 
especially there were no areas of necrosis. 

Thus changes were produced in the femoral head, and 
were more marked the younger was the animal and the 
greater the irritation. The changes consisted of those which 
are seen in the breakdown and repair of bone and which lead 
to changes in the shape and structure of the capital epiphysis. 

It is not clear what kind of action is produced by the 
injection of alcohol round the neurovascular bundles. It does 
not seem that a significant hyperaemia occurs. But by analogy 
with experiences elsewhere one must assume that the alcohol 
interrupts the nerves and thus acts on the capital epiphysis. 
One cannot speak of a direct action, since it was injected at 
some distance from the head. 

Are the changes which were produced identical with those 
of r.alve-Perlhcs' disease? One certainly cannot prove it. but 
it seems to me that there are so many features common to 
both that it is justifiable to base some ideas about the char- 
acter and aetiology of the disease on the results: in animals, 
during growth, there have been seen maeroscopical and radio- 
graphical changes, necroses, cartilage formation and regenera- 
tion processes, that is to say the same components which form 
the mixed histological pictures of Calve-Perlhes’ disease, which 


we know trom some, though only few, investigations. One 
i-annol expect to produce an exactly similar disease picture 
in experimental animals in whom weightbearing is different 
and the disorder does not occur spontaneously. 

As a result of my experiments I have come to the con- 
i hision that the disorder consists of a disturbance of the 
natural growth of the hone, in which there is an interference 
v. itli the factors that determine the normal differentiation of 
the cells and the structure and shape of the tissue. 


Ahmit the differentiation of hone tissue we know so far, 
from work by Fischer and Parker, and Fell, and others, that 
it originates from a fibroblast-like cell without any special 
characteristics. However, this cell has the properly, when the 
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conditions are suitable, of forming the starting-point for the 
cartilaginous skeleton and can further develop into hone cells. 
In in-vitro studies in which the primitive mesenchymal cell has 
been isolated from the parent organism it has been possible 
to make it differentiate so that a tissue is produced which is 
by no means unlike the corresponding supporting tissue in 
the parent organism. It seems, therefore, as if the primitive 
cell has the property of very advanced differentiation though 
not sufficient to form the different organs, and so to reproduce 
the organism. One cannot avoid the view that there must he a 
common regulating factor (which is not simply the same as 
the presumed growth hormone) which determines the develop- 
ment of the organs in an individual. 

I suggest that it is at this point that in Calve-Perthes’ and 
similar diseases disturbance occurs and the controlling co- 
ordinating factor disappears. The bony tissue is then forced 
to take on a more primitive form of growth: cartilage is 
formed in preference to hone and the hone elements arc found 
and arranged at random. Since this tissue is presumably less 
suited to weight hearing the affected parts of the hone arc 
deformed according to the strains and trauma to which they 
are submitted. 

Both clinical and experimental observations suggest that 
the process is not started by a single factor, hut by a scries 
of eontibutory causes. One may- imagine that the regulation 
of growth is lost when the sum of these causes exceeds a 
certain limit. 

Amongst them there is without doubt a constitutional, 
probably hereditary, factor. It is not possible to say what 
constitutes this factor, hut it may he a matter of anatomical 
variations, c.g. in the course of the vessels and nerves, or a 
reduction in the stability with which the organism finds its 
shape. Thus the hip-joint is certainly a “locus minor rcsisl- 
enliac” in the locomotor system. The frequent occurrence of 
variations and the large number of arthroses suggest that 
there is a certain “incompleteness” of the hip-joint, a certain 
failure to stand up to the strain which is laid on it: from this 
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il is not far io llic view that the “growth stability” of the 
joint is relatively small and can easily he upset. 

Next we must point to the hormonal regulation. Here our 
knowledge is still very limited. We know the hormones which 
control the main tendencies of growth: we must find those 
which regulate the growth of different organs. 

One must also consider the age. One can imagine that, 
at the lime when the condition appears, there is a labile 
balance between the components of the joint — cartilage and 
bone which can be upset by external factors. 

Finally clinical experience suggests that trauma can play 
a part in the aetiology. This view is supported by the results 
(d the experiments. But in the word ‘trauma' I include all 
external factors of more than ‘physiological’ intensity, which 
cause a disturbance of the organism’s normal function. Espe- 
cially may one include small mechanical influences which 

under normal conditions will hardlv have anv harmful in- 

% ‘ 

fluence. but which, in special conditions, e.g. anatomical varia- 
tions, can act on the mentioned growth-regulating factors so 
that the normal rhythm is disturbed. How far the point of 
attack is the nerves, how far the vessels, or perhaps quite 
other structures must he left undecided. 

Thus it has not been possible to obtain an explanation of 
t.alvc-Perlhe's disease based on facts. Since I have included 
various unknown conditions in my discussion it cannot be 
considered as more than a hypothesis. However I hope that 
my experiments and ideas may form the basis for a more 
fruitful work on these problems. We can expect to get the 
iinal answer when the study of cells has elucidated growth 
and the determination of form: il will then be possible to 
hM the views expressed here by more exact methods. 


S V M M A K Y 


h. 


By injecting 
the femoral 


alcohol round the vessels and nerves running 
head in young rabbits macroscopic, radio- 
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graphic and histological changes similar to those of Calve- 
Perlhe’s disease were produced. 

From these findings it is suggested that Calve-Perthe’s 
disease is produced by a disturbance of the natural growth 
of hone tissue due to an action on the factors which determine 
the differentiation of the cells and the structure and shape 
of the tissue so that a more primitive form of growth pre- 
dominates. The process is thought to he initiated by a number 
of causes, amongst which the constitutional, hormonal and 
traumatic are emphasised here. 


RESU M E 

Au cours d’experienccs pratiquecs chez de jeunes lapins 
auxquels on a injecte de l’alcool dans les vaisseaux et les 
nerfs entourant la tete femorale. on a reussi a provoquer des 
modifications qui tant au point de vue macroscopique, radio- 
logique qu’histologique montrent heaucoup de ressemhlance 
avec la maladie Calve-Perthes. 

Sur la base de ces recherches, il est allegue que la maladie 
Calve-Perthes est due a une perturbation de la croissance nor- 
male du tissu osseux, a savoir une perturbarlion des facleurs 
qui conditionnent la differenciation des cellules, ainsi que la 
structure et la forme des tissus, les formes de croissance plus 
primitives devenant predominantes. Toulc une serie de causes 
semhlent pouvoir declencher ces processus parmi lesquels on 
releve des facleurs d’ordre constitutionnel, hormonal et trau- 
inatique. 


ZUSA M MENF A SSUN G 

Bei Versuchen, in denen jungen Ivaninchen Alkohol urn 
die zum Caput femoris laufenden Gefasse und Nerven injizierl 
wurde, wurden Veriindcrungen erzeugl, die macroskopisch, 
ronlgenologisch und histologisch eine grosse Aehnlichkeit mil 
Mb. Calve-Perthes zeigten. 

Auf Grund dieser Vcrsuchc wird die Vermutung ausge- 
sprochen, dass der Mb. Calve-Perthes auf einer Stoning des 


2 Acta orthopaedics, Vol. XIX, I 
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naliirlirhen Waclistums dcs Knocbengcwebes beruht, in dor 
Wcise. dass die Fakloren, welch c die Differenzierung dor 
Zellon und die Struktur und Form des Gewebes bestimmen, 
beeinflussl worden. so dass priinitivere Wachstumsformen 
dominicrcn. Man denkt sicb, dass dcr Prozess aus verschiede- 
nen Ursaeben in Gang kommen kann, untcr denen konstilu- 
lionelle. bormonale und Iraumatiscbe Fakloren hervorgeboben 
worden. 


DISCUSSION’ 

Ilcnlznn, Thonutsen . Mornillc, Sldren, Sodcman, Randlnv- 
Miulscn. 



THE GROWTH MECHANISM OF THE EPIPHYSEAL 
CARTILAGE IN THE LIGHT OF EXPERIMENTAL 
OBSERVATIONS' 

BY 

A. LANGENSKIOLD & W. EDGREN 

In an article on Ollier’s disease published by A. Langen- 
skiold (Acta orthop. scand. 1947, 17, 93) the observation that 
the cartilaginous foci which appear in the skeleton in this 
disease develop in a characteristic manner was reported (Fig. 
1). In another article (Acta chir. scand. 1947, 95, 367) it was 
suggested that this development is caused by a successive dis- 
placement of cellular elements from the central parts of the 
epiphyseal cartilage to its periphery transversely to the axis 
of the bone. It was assumed that this displacement occurs in 
normal bone growth in the layer between the bony epiphysis 
and the layer of cartilage cell columns. The osteogenic layer 
of the diaphyseal periosteum probably grows in length by 
means of a cellular material which is displaced from the 
interior of the epiphyseal cartilage. As this idea of the mechan- 
ism of normal bone growth can explain several phenomena in 
the pathology of bone growth it seemed desirable to try to 
elucidate the question experimentally. 

The basis of the experiments was the idea, which has been 
stated previously, that Ollier’s disease might be compared to 
an experiment by nature with “labelled cells” which only 
partly obey the laws of normal differentiation, growth and 
resorption. According to this idea it seemed probable that 
irradiation of limited portions of the epiphyseal cartilages 


1 A preliminary report. 
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with X-rays might produce foci which would be similar to 
those of Ollier's disease, and would undergo the same stages 
of development. 


b 




Fiu. 1. 


Schematic drawings illustrating the development of a cartilaginous focus 
in Ollier's disease, a) Stage II. h) Stage IV. These drawings were published 
before the experiments were begun (cf. Acta chir. scand. 1917). 



Fi;i. t?. 

h.uliu^raph of the antebrnrhinin of a rabbit 11 days after localized X-ray 
irradiation, lk-neath the radiograph a contour drawing of the ulna. Note 
the oblique position of the focus in relation to the iliaphysis. 

1st r. dibits aged .1-0 weeks, limited portions of the distal 
spipfnse.d tarliiages ot tlu* radius or ulna or both bones were 
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exposed to a single X-ray dose of 8000-20000 r. The growth 
was then followed by repealed X-ray-photography. It was 
found that ossification slowed down in the part of the mela- 






Fig. 3. 

Radiograph of the antebrachium of a- rabbit, a) 26 days after localized 
X-ray irradiation, b) the same leg 49 days after irradiation. Beneath the 
radiographs, contour drawings of the radius. 


physis which corresponded to the irradiated part of the 
cartilage. After 3-5 weeks the roentgenograms showed foci 
very similar to those seen in Olliers disease (Fig. 2). These 
experimentally provoked foci developed with regard to their 



A. LANf.ENSKIttLD 




shape. in tin* same manner as the Oilier foci. The epiphyseal 
end of a focus was gradually displaced towards the periphery 
of the epiphyseal plate and finally lost contact with it. At this 
stage the foci also appeared, in roentgenograms taken at a 
certain angle, as triangular notches in the periphery of the 
hones ( Fig. ’A). Perpendicular projections also showed the 
similarity to Ollier foci. 

As the working-hypothesis has been proved correct, these 
experimental results may support the views on normal and 
pathological bone growth which were expressed in the articles 
already mentioned. Several other arguments, which cannot he 
discussed here, support this view, that in a certain layer of 
the normal epiphyseal cartilage, a migration of cellular matter 
occurs transversely to the axis of the hone. This displacement 
is assumed to play a role in any pathological process in 
epiphyseal cartilage. — In localized X-ray irradiation we may 
have a useful method for the study of growth processes. 

The detailed description of the experimental results with 
microplmtographs and more roentgenograms will he pubhsned 
later in Ada ehirurgiea Scandinavian. 


S i- M M a n Y 

Os mg localized X-ray irradiation of limited areas of the 
epiphyseal cartilages of growing rabbits, the authors provoked 
tod. which, with regard to their shape, developed in the same 
characteristic manner as the foci in Ollier’s disease. The 
results support the views on hone growth which were pul 
forward hy A. Lnngonskiold in 1 047. 


H J-: s r xi I-: 

Par application localisce dcs rayons X a dcs parlies limitees 
ilcs cartilages epiphvsaires dcs lupins en croissance les auteurs 
out provoqur des foyers cpti sc developpcnl a regard de sa 
< ojifiguralion de nu'me fa<p>n caraclerisliquc (pic les foyers 
dans in maladie d Ollier. Les resultnts appuyenl les vues stir 
la croissance de I'os presentees en 11)47 par A. Langenskiold. 
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Durch lokalisierte Rontgenbestrahlung begrenzter Epiphv- 
scnknorpelpartien an wachscnden Kaninchcn haben dieVerfas- 
ser Herde provoziert, die sich in Bezug auf ihre Form in der- 
selben charakteristischen Weise entwickeln wie die Herde bei 
der Ollier’schen Krankheit. Die Resultate stiitzen die Ansich- 
ten iiber das Knochenwachstum, die im Jahre 1947 von A. 
Langenskiold ausgesprochen wurden. 

DISCUSSION 

Liitken, Silfuerskiold. 

P. G. K. Bentzon, Arhus: referred lo liis publication in 
Acta Radiologica vol. 3 and said that in Ollier’s disease one 
must regard diaphyseal “chondroma formations” as the most 
important element of the disease. The chondroma lines which 
can be shown corresponding with the nutrient foramina of 
the diaphysis can never originate in elements developed from 
the epiphyseal cartilage since the central parts of the bone 
arc developed from the primary diaphyseal cartilage. Bentzon 
showed illustrations of this condition. ( Bentzon will give a 
more extensive and detailed account of his view of Ollier’s 
disease at Nordisk Orlopedisk Forcning’s meeting in Helsing- 
fors 1949). 

A. Langenskiold: With reference tc> the radiograph shown 
by Dr. Bentzon we have reason to assume that the part of the 
tibia in which the proximal cartilaginous focus was situated 
had developed in its entirety from the proximal epiphyseal 
cartilage. This cartilage is responsible for a good half of the 
growth in length of the tibia. The oldest part of the diaphysis 
of the tibia corresponds to a level lying somewhat distal to 
the mid point of the bone.— The migration of cells which is 
assumed to occur in the layer of the epiphyseal cartilage 
which lies between the bony epiphysis and the layer of cartil- 
age cell columns does not normally leave any trace in the 
structure of the melaphysis or in the central parts of the 
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cartilniie. Only in certain pathological conditions do ..oblique 
lint«.” occur in the melaphyses. These oblique lines are the 
traces left behind by the limits between normal and patho- 
logical tissues in the epiphyseal cartilage. This can be seen 
directly in histological sections of bones with foci provoked 
iiv localized X-ray irradiation.— Dr. Liilken has pointed out 
that foci corresponding to the type described in the previous 
papers as stage I. have not been provoked experimentally. This 
is (rue. but none of the conclusions drawn either here or in 
the previous articles are based on the assumption of the 
existence of this stage. On the contrary, it was previously 
emphasized that stage 1 must he considered hypothetical (Acta 
ortlmp. scarnl. 11)17). whereas the assumption of the existence 
of stages 11-1 V is based on facts. The hypothesis of stage 1 
is based on reports in the literature dealing with enehondro- 
matu of a less benign nature than Ollier’s disease. 

Tissue migration of a type which may occur in the growth 
of the epiphyseal cartilage is common in embryonic develop- 
ment. This has been shown by V. Yogi (Roux’ Arch. 1929. 
I'J'K .‘i.S ! i by excellent experiments with labelled groups of 
cells. Vngt used vital staining to label round areas of the 
superficial tissue at the equatorial level of amphibian embryos 
in the gaslrula stage. These stained spots developed into long 
stripes which gradually migrated from the equatorial level 
through the blastopore .into the interior of the gaslrula. Al- 
though the analogy between these stained stripes and the 
stripes occurring in the skeleton in Ollier’s disease and in 
multiple cartilaginous exostoses is striking, this phenomenon 
A of course no real additional evidence of the correctness of 
the conclusions concerning bone growth. It will only serve as 
an example for the sceptic, who has a preconceived opinion 
that tile occurrence of tissue migration is improbable.' — For 
otln r particulars reference is made to the articles mentioned 
in the report. 



COXA VARA CONGENITA OR INFANTUM WITH 
PSEUDARTHROSIS IN THE NECK OF THE FEMUR 

BY 

F. LANGENSKIOLD, Helsingfors. 


To judge from the fact that in the Orthopaedic Hospital 
of the Invalid Foundation we have seen in 3 years 18 cases 
of coxa vara congenita, which is said to he very rare, it 
seems as if this deformity is more common in Finland than 
in other countries. Only 2 of the cases were children. In no 
less than 10 cases, there was a true pscudarlhrosis in the 
femoral neck — a complication which is scarcely mentioned 
in the orthopaedic literature. The patients with pscudarlhrosis 
are much more disabled than those with a simple coxa vara, 
and they constitute a special therapeutic problem. 

At operation on these 10 cases I have tried to produce honv 
union between the head and the diaphvsis without impairing 
the mobility of the joint; this has proved to he very difficult. 
In the first 4 cases an intertrochanteric osteotomy by McMar- 
raif s method was done. Bony union was not obtained, hut 
the gait became somewhat heller, probably due to the fact 
that after the operation the greater trochanter was situated 
rather lower than before. In the following 5 cases the femur 
was divided at the base of the greater trochanter, the upper 
end of the diaphysis was telescoped into the head vertically to 
its distal surface, and the trochanter was fixed to the lateral 
surface of the diaphysis. One of the patients is still in plaster 
of Paris. In 3 cases bony union has not been obtained. In the 
fifth case the intended position has been obtained, but the 
joint has ankylosed. In the last, the tenth case, the head broke 
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into pieces (luring the chiselling of the sclerotic hone, which 
in all eases formed the boundary between the head and the 
pscudarlhrosis. The head was removed and a Wilhmnn re- 
construction performed. Possibly either this operation or a 
Srlumz osteotomy will he the best solution of the problem. 

niscrssi o n 

Silsniinv . Severin. Slorcn, Bern l sen. 



(FROM THE DEPARTMENT OF ANATOMY, AARHUS UNIVERSITY 
AND THE INSTITUTE OF BRAIN PATHOLOGY OF THE STATE 
MENTAL HOSPITAL AT AARHUS) 


ON THE INTERNAL STRUCTURE OF THE MOTOR CELLS 

OF THE ANTERIOR HORNS AND ITS CHANGES IN 
POLIOMYELITIS 

BY 

LARUS EINARSON 

The neurological problems connected with poliomyelitis 
are to a considerable extent stamped by neurocytology. By 
this statement I mean that the study of the internal structure 
of the nerve cells and of its changes is of pertinent importance 
to our knowledge of the structural pathogenesis of this disease. 
Moreover, the changes produced by poliomyelitis imply some 
very interesting cyto-biological problems, which we are now 
able to tackle by a considerably more exact staining technique 
than previously (see Einarson 1947). Further, I do not think 
we ever can obtain a fuller understanding of the effect of the 
poliomyelitis virus without due attention to the internal 
structure of the nerve cells and its histochemistry, because 
here we are undoubtedly dealing with a very intimate inter- 
action between the component parts. 

I. ON THE NISSL SUBSTANCE AND THE CHANGES IN 
BASOPHILIA OE THE NERVE CELLS 

An extremely important structural element of nerve cells 
is the so-called Nissl substance, which appears in the cyto- 
plasm as strongly basophil, coarser or finer fragments or 
granular particles. Their distribution is very characteristic 
of the main structural cell types, but within each type it is 
profoundly influenced by the state of activity of the neuron. 
All motor cells, both in the spinal cord and in the entire brain 
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sh in, which innervate striated musculature developed from 
the mvotomes and the branchial arches, possess the so-called 
Mimntorhrome. slichochrome. distribution of the Nissl sub- 
stance. and the anterior lmrn cells represent the prototype of 
Uns arrangement (see Einnrson 19-la). The progressive- selccl- 
i \0 staining of the Nissl substance and chromatin with gallo- 
cyanin-ciiromalum produces an extremely clear and charac- 
teristic cellular picture (the Nissl picture, see fig. 1). which 
is of fundamental importance in ncurocytologv. since it furn- 
ishes the most delicate and accurate criterion for the estima- 
tion of the state id' neuronal activity as well as of every de\ na- 
tion from the normal ( Einnrson . 19-la; 1 unarson & Lorcnlzcn 
1 9 till. 

During life the cytoplasm of the anterior horn cells must 
he regarded as a polvphasic colloidal system of a structure 
resembling a vesicular gel. Within it the Nissl substance 
constitutes an internal discontinous phase including several 
components of various degrees of viscosity; thus it is itself 
a complex colloidal state. The external continuous phase must 
also he of a complex nature, since it contains at least two 
components, one of a somewhat lower viscosity (ncuroplasm) 
and another of a considerably higher viscosity (neurofibrillar 
substance). The fixatives essentially precipitate the colloidal 
state o! the living nerve cells, and the pattern obtained is a 
fairly true stiffened or fixed picture of the polvphasic gcl- 
Nyslcm ot the cells, as it was at the moment of fixation (EAnnr- 
snn 1935. 19 to). 

through a series ot studies I arrived at the result that the 
material trom which the Nissl substance is elaborated is 
formed primarily round the nucleolus inside the nucleus, 
migrates towards the periphery of the nucleus, and then 
diffuses gradually through the nuclear membrane to form 
Nissl bodies in the cytoplasm (Einnrson 1933, p. 162). Ten 
years ioter this lias been confirmed by Hydro (19-13) by the 
aid ot uitiax inlet microscopy and absorption measurements. 

1 have also shown ( Einnrson 1932-1935) that the Nissl 
substance contains at least three different components, nucico- 
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proteins (chromatin substance), acid and basic proteins re- 
spectively. The most important result was expressed as 
follows: “The natural conclusion is that the Nissl substance 
contains some nuclein compounds,” ( Einarson 1935, p. 117). 
With this statement nothing was predicted as to the exact 
nature of the nuclein compounds in question, nor that the 
nucleins of the Nissl substance necessarily had to he chemic- 
ally identical with those of the nucleus, in spile of their 
nuclear origin. My results were later confirmed by Landstrbm. 
Caspersson & Wohlfarl (1941) and by Hijden (1943), who 
have shown that the nucleic acid of the Nissl substance is of 
the rihose type and thus is different from that of the nuclear 
chromatin; this explains the negative Feulgen reaction of the 
Nissl substance. 

Further, I have shown that the specific staining of nerve 
cells with gallocyanin-chromalum (Einarson 1932) depends 
on a stable chemical binding of the slain to the Nissl substance, 
especially to its nucleoprolein ( Einarson 1934). Continued 
studies on the theory of staining ( Einarson 1936, 1945; Einar- 
son & Bentsen 1939; Einarson & Lorentzcn 1946) led to the 
conclusion (Einarson 1947, p. 13) that the pure specific stain- 
ing of the Nissl substance, the nuclear chromatin and the 
nucleolus is due to a chemical binding of the gallocvanin-lakc- 
ion+ to the nucleic acids of the structures and most probably 
to their phosphoric acid groups. When the pH of the staining 
solution lies on the acid side of the isoelectric point of the 
structures the binding of the lakc-ion+ to the nucleic acids is 
markedly specific; with a pH lying on the basic side of the 
isoelectric point, the slain also becomes linked to the proteins 
of the structures. The form of the nucleic acid does not affect 
the staining, i.e. the reaction is positive for ribonucleic acid as 
well as for desoxypcntosc nucleic acid (Einarson 1947). These 
results have now been confirmed and elaborated in some 
valuable papers hv Lagersledl (1947, 19-18). 

The consumption and resynthesis as well as the histo- 
chemical composition and quantity of the Nissl substance 
varies greatly with the stale of activity of the neuron. Emph- 




; ,sis mu sl therefore be laid on Uie changes in Ihe staining 
intensity of the cells as evidenced by Ihe occurrence of various 
degrees of chroinophilv and chromophoby (Einnrson 1932- 
1 on? ; Einnrson & Rintjslvtl 1938 etc.). It has been definitely 
established that this variation in the staining intensity depends 
directly on the inherent capacity to bind the slain, possessed 
by the living cell at the moment of fixation (see Einnrson 
HU:V. Einnrson & Lorcnfren. 1946). Since the galloeyanin- 
lake-ion J becomes linked selectively to the nucleic acids of the 
structural elements, the staining intensity gives a quantitative 
expression of their content of nucleic acid. Thus the degree 
of basophilv of the different structures of the cell varies 
directly with their content of nucleic acid, and the staining 
can he used for its quantitative estimation on the basis of the 
principle of photometric determination, as I have already 
pointed out several times (see Einnrson 1947. p. 14). 

Many years ago I showed ( Einnrson 1937. p. 12-18) that 
the stages of chromophily and chromophoby involve a shift 
in the isoelectric point of the Nissl substance (as to the tech- 
nique and for further information see Einnrson 194a and 
Einnrson it Lorentzcn 1940). In extremely chromophil cells 
the isoelectric point lies approximately at pH 1.9. while in 
extremely chromophobe cells it lies at pH 8. a. The maximum 
difference in the position of the isoelectric point thus corre- 
sponds to an electromotive force of approximately the same 
order of magnitude as the current of action. In chromoneutral 
cells the isoelectric point ties approximately at pH 2.7. The 
various components of the Nissl substance possess different 
isoelectric points, and the shift mentioned is due to a change 
in the mutual quantitative ratio between these constituents, 
mainly between the quantity of polynucleotides on the one 
side and basic proteins on the other. 


As to the functional meaning of the various 
4 h rotuophih and chromophoby I have, through a 
investigations since 1932 (for reference see Einnrson 


stages of 
series of 
1945 and 


Einnrson A l.orcnlzrn 1946s. arrived at the following 
conclusions: The rhromoneutrai condition represents 


main 

cells 
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at rest or in the usual state of gentle activity (the indifferent 
phase of activity) ; slight chroinophily ( hyperchromasia ) 
characterizes cells when their activity begins to increase 
( chromophily of initial activity); while slight or moderate 
chromophoby gradually becoming more marked characterizes 
of cells in increasing activity of longer duration (chromophoby 
of prolonged activity); the intense chromophoby is an ex- 
pression of cells in fatigue ( chromophoby of fatigue), and 
extreme chromophoby characterizes cells in exhaustion ( chro- 
mophoby of exhaustion; depression of fatigue). On the other 
hand extreme chromophily characterizes either cells in a 
state of primary, active inhibition of prolonged duration 
( chromophily of inhibition) , or cells, whose activity has been 
lowered or abolished for some time ( chromophily of depressed 
activity). 

Extreme chromophoby may be produced by prolonged 
irritation, by experimental fatigue (see Einarson & Lorentzen 
1946), by experimental acute anoxia (see Erik Krogh 1945), 
as the initial effect of vitamin E deficiency ( Einarson & Ring- 
sted 1938) and by experimental insulin shock (Lorentzen, un- 
published work) ; in human brains and spinal cords it also 
occurs in various diseases and toxic conditions, and it may 
reach such a degree as to resemble closely the most intense 
phase of chromatolysis. It may proceed to total dissolution 
of the cell. 

Extreme chromophily may he produced experimentally by 
prolonged inhibition (Einarson 1933, 1945), by chronic sub- 
lethal anoxia ( Morrison 1946), as the chronic effect of pro- 
tracted vitamin E dificiency ( Einarson & Ringsted 1938) and 
as the result of transneuronal degeneration ( Einarson & 
Lorentzen 1946) ; it also occurs in various toxic conditions 
and diseases e.g. amyotrophic lateral sclerosis and chronic 
poliomyelitis, and it may gradually proceed to an irreparable 
cellular atrophy. 

The classic example of chromatolysis is the so-called retro- 
grade cellular change of Nisst which occurs after a lesion of 
the axis cylinder of the neuron (axon-reaction of the cell). 
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U is in fact a cellular reaction to the enormous demands for 
urowlh during the regeneration of Hie neuron. This regenera- 
tion from the condition of loss of substance involves a cons- 
iderable increase in the consumption and rcsynthesis of cyto- 
plasmic polynucleotides. Thus retrograde chromatolysis is a 
growth reaction, while chromophoby. due to prolonged hyper- 
activity. is a work reaction. Chromatolysis also occurs as the 
result of direct injury to the cell, as in various degenerative, 
toxic and infectious processes, e.g. in acute poliomyelitis; in 
such cases chromatolysis in an injury reaction (see Einarunn 
& Lnrcntzcn lll-iti). 

Chromatolysis is in itself a reversible change, hut it is not 
necessarily so. When restitution of the neuron docs not lake 
place, chromatolysis may either lead to acute total dissolution 
of the cell. e. g. in severe cases of acute poliomyelitis, or it 
may gradually proceed to extreme ehromophilv and finally 
to irreparable cellular atrophy, e.g. in chronic poliomyelitis 
(see below). 

All the anterior horn cells shown in the figures of this 
paper ( Figs. 1-1*2) were stained with a solution of gallocvanin- 
chromalum of pH 1.0-1 and photographed at a magnification 
ol 000. under exactly identical conditions. 


II. ON THE CHU.ri.AR CHANGES IN POLIOMYELITIS 


a ) Prmirsnrii remarks . 


1 ho changes involved in the various phases of poliomyelitis 
largely illustrate the whole range of the most essential changes 
which the N’issl picture of the cells may display, and which 
may occur in other disorders or. as already mentioned, he 
pinduccd experimentally in various ways. It is actually a 
question of structural stages in a general process of changes 
with which the cells respond to various noxious factors or 
experimental conditions. 


On the basis of numerous investigations it must now he 


considered established that the cellular change 
dm- to a direct, selective action of Hie virus on 


s are primarily 
the nerve cells. 
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and that this is the real causative factor of the actual polio- 
myelitic paralyses; thus it is a question of a markedly neuro- 
cytotropic virus. The previously prevailing conception that 
the degeneration of the nerve cells was a secondary cons- 
equence of the inflammatory process must now he finally 
abandoned; a direct parallelism between the degeneration of 
the neurons and the inflammatory changes does not ne- 
cessarily exist neither with regard to their intensity, localiza- 
tion, or distribution, nor with regard to the time at which they 
occur. 

With the discovery of the selective neurotropism of the 
virus the study of the internal structure of the nerve cells 
and its histochemistry has become- of far greater theoretical 
interest and importance in the research on poliomyelitis than 
one was previously inclined to believe. As an example of the 
intimate interaction between the nerve cells and their struc- 
tural condition on the one hand and the poliomyelitis virus 
on the other, it is sufficient to mention the interesting observa- 
tion made by Howe & Bodian (1041) that regenerating nerve 
cells show an increased resistance to the destructive action of 
the virus, i.e. that a nerve cell, which is in a chromatolytic 
state before the onset of the infection, is, to a high degree, 
protected against the virus. 


b) Acute changes. 

Numerous works on the changes of the anterior horn cells 
in poliomyelitis, based both on series of patients and on 
animal experiments, have been published, mainly on the acute 
changes and their rapid development. 

The acute changes of the anterior horn cells are now well 
known, but by means of the selective staining reaction of the 
gallocyanin lake it is now possible to estimate their nature 
and importance more exactly than was previously the case. 

They begin with swelling of the cell body and chromato- 
lysis with dissolution and diffuse disappearance of the Nissl 
bodies (Figs. 2 and 3); the site of the nucleus in the cell may 


3 Acta orthopaecUca, Vol. XIX. 1 
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become more or less eccentric, and the nuclear membrane 
often shows pronounced hasophily with nuclear caps (Fig. 3). 
As early as 24 hours after the experimental infection the 
chromatolysis is often very distinct (Radian, 1947): the same 
applies to patients who have died shortly or immediately after 
the onset of the meningeal reaction of the preparalylie stage. 
As soon as the climax of the initial chroinatolysis is reached 
the impulse activity ceases, and there is paresis of the muscular 


Fin. /. 

N'.rtntil. Htnimom-utral fell; somntochrom-stiehochrom pattern of t lie 

Nissl substance. 



fibres innervated by the affected neuron. In the typical severe 
cases the changes progress rapidly with marked vacuolar 
breakdown of the cytoplasm and degenerative shrinkage and 
disappearance of the nucleus and nuclear membrane (Fig. 4). 
I he contour of the cell assumes an irregular ragged appear- 
ance, the cytoplasm becomes structureless, frequently with 
relatively increased acidophily before it disappears altogether 
as a cell shadow (einfneher Sehwund, Ilnrnniji-Iicchsl, 1935) 
or is destroyed by nouronophages. It corresponds, clinically, 
to the paralytic stage, with its rapid development of paralyses, 
which often reach their maximum after 24-4.S-120 hours. At 
the same time the microglia is mobilized, most frequently 
with occurrence ol marked neuronophagia, which leaves be- 
hind inure or less definite microglial nodules round the 
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severely degenerated cell remnants, or in the place of the 
nerve cell which has completely disappeared (Fig. 5). As 
already mentioned, the nerve cell may also he destroyed with- 
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Poliomyelitis; death almost 3 days after the onset of the paralyses. 

Moderate chromatolysis. 
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Same patient as in fig. 2. Very pronounced chromatolysis, increased 
basophilia of the nuclear membrane and formation of nuclear caps; 
nucleus more or less eccentric. 


out any noteworthy neuronophagia, at most with increased 
satellilosis or pscudoneuronophagia. In all cases it is the 
primarily damaged nerve cell that is secondarily dissolved by 
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<l u . neunmophages: the primary degeneration of the nerve 
roll F a conditio sine <pia non for the ensuing ncuronophagia. 
Such changes are. of course, absolutely irreparable, and the 
patients who survive an acute stage resulting in such severe 
changes w\U of course be permanently disabled as far as the 
affected neuromuscular units are concerned. 

On the other band, the initial chromatolvsis (Figs. 2 and 
ii ) is a reversible condition, and the process need not necess- 
arily proceed to the acute, severe, cellular dissolution ment- 
ioned above (Figs. 1 and a). Accordingly patients who survive 
the disease with such comparatively mild lesions may recover 
from their paralyses. Any physician who has treated polio- 
myelitis patients knows that it is by no means rare for a 
totally paralysed, and even considerably atrophied, muscle 
to recover its function, cither completely or partially. A typical 
example of partial recovery in an experimentally infected 
monkey was described by Ilursl (1029). 'Flic acutely developed 
motor symptoms consisted of bilateral ptosis, paralysis of the 
right arm. and paresis of both legs. The animal was killed 
on the Hath day after the onset of symptoms, at which lime 
a considerable partial restoration of function in the affected 
parts had occurred. Histologically there was a distinct de- 
generative loss of nerve cells in the areas of innervation of 
the muscles affected, while it was evident that the remaining 
nerve cells had regenerated, and many of them had even be- 
come completely normal. It is, of course, impossible to say 
with certainty afterwards to what extent the preserved nerve 
cells had been affected, hut at any rale a certain reversibility 
was beyond doubt. Thus, a not inconsiderable chance of 
reversibility exists, and the reversibility of the changes of the 
net vc cells is an indispensable condition for subsequent train- 
ing and restoration of function of a totally paralysed muscle. 
I In'- applies quite apart from the fact that when only some 
"f the anterior horn cells of a muscle have degenerated ir- 
reparably or completely disappeared, while others are fully 
pn m rved, il is possible f<i train {he unaffected musculo fibres 
fo su.h an extent that they ran compensate the loss of the 
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severely affected neuromuscular units, if this loss is not too 
extensive. 



Fig. L 

Poliomyelitis; patient died from respiratory paralysis 5 days after the 
onset of the paralytic stage, with severe paralyses in all four extremities. 
Chromatolysis, swelling and acute vacuolar dissolution of the cell. 
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Fir). 5. 

Poliomyelitis; death approximately 1 month after the onset of paralysis. 
Glial nodule at the site of a motor cell which has entirely disappeared hy 
acute disintegration and ncuronophagia. 


The chromaiolysis is a structural expression of a radical 
change in the nucleic acid metabolism of llic nerve cell, and 
the dissolution of the Nissl substance is tantamount to a 
breakdown and disappearance of the nucleotides of the cell. 
Using the staining technique employed here the quantitative 
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diminution of the Hiss l substance is an indicator of the deple- 
tion of the nucleotides of the cell , for the guilncyanin-lake-ion 
is bound selectively to the nucleic acid component of the 
cellular structures , and the staining intensity aloes a yuanti- 
lalivc measures of the content of nucleic acid of the cell. The 
compact nucleolus, the intensely stained mn tear membrane 
with the accumulations of perinuclear substances and nuclear 
caps with a great content of nucleic acid arc an expression 
of the nuclear resynthesis of polynucleotides and the persisting 
tendency to regeneration of the cytoplasmic nucleotides and 
proteins of the cells. In poliomyelitis it is the virus and its 
multiplication in the cell which produces the changes in the 
nucleic acid metabolism with the quantitative reduction in 
the content of nucleotides ; the breakdown and depletion of 
the nucleotides of the cell may proceed to the point where 
total degeneration and death of the cell must necessarily occur. 

The multiplication of the poliomyelitis virus must, ill least 
to some extent, depend on an increase in virus nucleoprotcin, 
and it is possible that this increase takes place partly by a 
transformation of the nucleoproleins of the nerve cell. As 
far as I know we have so far no detailed knowledge of the 
relation between the growth and multiplication of the virus 
and the nucleic acid metabolism of the nerve cell. 

During chromatolvsis the content of phosphatase in the 
cytoplasm is considerably increased simultaneously with the 
breakdown of the polynucleotides. It is possible that the 
phosphatase has a dissolving effect on the virus and thus 
counteracts its multiplication, i.e., that there is an antagon- 
istic interaction between the phosphatase system of the cell 
and the virus, upon which the outcome of the acute phase 
depends, i.e.. whether it results in the destruction of the cell 
or of the virus while the cell is still viable; in the latter case 
it may he possible for the cell to regenerate. The fact that a 
previously ehromatolvlic cell exhibits an increased resistance 
to the action of the virus (Howe & liodian) may possibly he 
explained by the increased content of phosphatase of the cell, 
which affects the penetration or the growth of the virus in 
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the cell. Whether this is true or not must be the subject of 
subsequent investigations. 


c) Chronic Changes. 

Although the acute attack of the disease may he limited to 
milder lesions with the possibility of later regeneration of the 
nerve cells, the final outcome of the process is not necessarily 
determined, for during Ihe regeneration, or immediately after, 
the cell may undergo a chronic, slowly progressive change, 
sometimes ending in totally irreparable cellular atrophy. It 
is particularly these chronic changes I have made the sub- 
ject of my studies. 

As far as I can sec from a review of the literature Schwalbe 
(1902) was the first to pay attention to the chronic stages of 
the disease and to subject the late changes to a more thorough 
and surveyable study. Apart from the total cellular dissolu- 
tion, which is invariably a consequence of the acute severe 
changes (Figs. 4 and 5) Schwalbe classified the late cellular 
changes in the following main categories: l ) Pale cells with 
still visible nuclei or nuclear remnants, indistinct or atrophied 
processes, and absence of the Nissl substance, 2) Shrunken, 
intensely stained cells, sometimes with granular cytoplasm, 
otherwise as compact stained bodies, in which neither nuclei, 
nor processes are discernible, 3) Cells in all stages between the 
categories mentioned and normal cells, generally localized in 
the pheriphery of the lesion, h) Cells which he described as 
“calcified”. Furthermore, Schwalbe surveyed up to his own 
time the most important publications of histological examina- 
tions of the spinal cord from poliomyelitis patients who had 
died cither in the acute stage, or subsequently from an inter- 
current disease. In this connection we arc especially interested 
in the cases with pronounced paralyses reported by Leyden, 
v. Kahlden, and Kawka. On their cases autopsy was performed 
from 5 months to 17 years after the first onset of paralyses, 
and the late changes described by Schwalbe were strongly 
represented. 
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It is, of course, very difficult to estimate the exact value 
of these older investigations owing to the very varied tech- 
niques in use at that time. As laic as 1902 A’fs.sTs technique 
was not commonly used in the laboratories, and even Schwalbe 
himself did not use it in his studies on poliomyelitis. In spite 
of their shortcomings the older investigations have shown 
that lasting pareses and muscular atrophies may be the con- 
sequences of chronic cellular changes, and need not necessarily 
he due to an acute loss and nenronophagia of the cells. 

A very important contribution to the study of the chronic, 
persistent histological changes in experimental poliomyelitis 
in monkeys has been given by Warburg (1931). It is a study 
of the nervous system of 15 monkeys (macacus rhesus) with 
typical paralyses and atrophies. They lived for a period 
varying from 19 to 309 days after the first onset of symptoms. 
Warburg gives a detailed account of the changes in the con- 
nective tissue, vessels and glia in addition to the neuronal 
changes in the various regions of the nervous system. Here, 
however, we arc interested only in the changes of the nerve 
cells, particularly the anterior born cells. In 9 monkeys which 
survived the disease for periods varying from 40-84 days (7 
were killed and only 2 died of the disease) the numerical loss 
of anterior horn cells varied, both from case to case and 
within the various segmental regions of the same spinal cord: 
the majority of the cells was, however, as a rule present in 
the tissue, although changed to a greater or lesser extent. The 
dominant cellular change was an intense hypcrchromasia of 
both cytoplasm and nucleus with increased staining and di- 
stinctness of the dendrites. The NissI substance could some- 
limes he seen as granular particles or small flakes, hut most 
frequently its pattern was not discernible in the compact, 
intensely stained, and occasionally spindle-shaped cell body. 
Warburg describes these cells as distinctly affected, but pro- 
bably still viable, and they correspond closely to the cellular 
change, which I have designated as extreme cliromophily (Figs. 
8 and 9), and they arc closely related to, or even identical with 
the cells which Hurst described as “ recoverable Furthermore, 
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Warburg describes other cells with less intensely stained 
or pale cj'toplasm and occasionally with a hyperchromatie 
nucleus, as well as cells which appear as extremely pale cell 
shadows with irregular contours. Warburg is decidedly of 
opinion ihal these are cells which have definitively succumbed 
to the morbid process, and they arc identical with what 1 
have designated as progressive irreparable cellular atrophy 
(Figs. 10, 11 and 12). In the monkeys which survived for 
periods varying from 242 to 309 days, and which were all 
killed, the two categories of cellular changes just mentioned 
were strongly represented, hut the number of pale cell shadows 
had become relatively larger. In some places the numerical 
loss of cells was somewhat larger, while the preserved cells 
only presented “few deviations from the normal other than 
slight distortions 'of contour and of the fibrillar network, 
which was sometimes knotted and clumped” ( Warburg , 1931, 
p. 1210). It is also noteworthy that in contrast to the animals 
which died early with acute severe changes and loss of cells, 
these late-surviving cases with chronic cellular changes show- 
ed mostly simple satellitosis and not actual neuronophagia. 
The same chronic changes were also observed by Horanyi- 
Hechst (1935) in patients who died 27 and 30 days, respeclive- 
ly, after the first onset of the paralyses; he did not enter into 
the details of the problem, but just designated them as “fort- 
schreilende Nervenzclldegencrationcn iin chronischcn Stadium 
der Poliomyelitis”. 

The results of my own examinations of material from 
patients are in complete agreement with those of Warburg's 
examinations of the experimental material from monkeys. I 
shall merely add that the staining with gallocvanin-chromalum 
allows of a much more exact estimation of the cellular changes 
than the staining technique employed by Warburg. In the 
first place, I want to emphasize that I have made observations 
which decidedly favour the view that the extreme chromophilv 
(Figs. 8 and 9) and the irreparable cellular atrophy (Figs. 
10, 11, and 12) do not represent isolated, independent cellular 
changes, but that the chromophilv gradually passes into in- 
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creasing cellular atrophy which ends in Ihc formation of cell 
shadows. The same applies to the initial chromatolysis (Figs. 
2 and 3). This also is not an isolated phenomenon, as there 
arc cell forms (Figs. 6 and 7), which decidedly represent 
transitional stages from chromalolysis to extreme chromo- 
phily; it is thus possible to speak of a postehromatolytic 
chromophilv. In the stages shown in Figs. 7-10 the cell may. 


V 


ft 


Fig. (1. 

Poliomyelitis; death 14 days after the onset of paralyses. Chromalolysis 
has culminated and the cells are on their way to chronic irreparable 

atrophy. 



however, undergo a diffuse fatly degeneration, which leads 
to irreparable cellular lipodystrophy in the same way as in 
amyotrophic lateral sclerosis and experimental vitamin E de- 
ficiency (see Einarson & Lorcnlzcn, 1046, p. 62-63). If the 
initial chromalolysis docs not lead lo acute, severe, cellular 
change with neuronophagia and total cellular dissolution, or 
the cell does not regenerate completely in the course of some 
months, the chromalolysis may change into a stale of gradual- 
ly increasing chromophily, which may become extremely in- 
tcncc . and in which the. cell appears as a very intensely stained, 
compact body, which then undergoes irreparable atrophy and 
ends as a more or less pale, atrophic, or structureless cell 
shadow. Thus it is here a question of stages in a chronic 
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progressive cellular change (see Figs. 2-3 and 6-12), the most 
characteristic structural feature of which is the varying stain- 
ing intensity ot the cell, i.e., its variable capacity of binding 
the gallocyanin-lake-ion, which is tantamount to a quantita- 
tive change of the nucleic acid content of the cell. Afler the 
initial vigorous breakdown of the nucleotides of the cell, as 
evidenced by the chromatolysis, an active resynlhesis and 








& 



Fig. 7. 

Poliomyelitis; death from intercurrent disease 40 days after the onset 
of rather mild paralyses showing marked tendency toward recovery. 
Postchromatolytic restitution, the cell is becoming decidedly more 

chromophilic. 


gradual accumulation of nucleotides take place in the cell, the 
process, being manifested structurally by the increasing 
chromophily ; the nucleotides then again gradually diminish 
and at last disappear completely, and the irreparable cellular 
atrophy is an expression of this stage. 

As far as these cellular changes arc concerned, the question 
of their possible reversibility is of very great importance. It 
is a fact that the atrophic cell, the pale cell shadow, represents 
a stage of irreversible degeneration: it is a cell which has been 
finally destroyed, and this is also indicated by the designation 
irreparable cellular atrophy (Figs. 10, 11, and 12). However, 
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it is equally certain that the increasing intense ehroinophily 
represents stages which to a considerable extent are still 
reversible (Figs. 8 and 9). It cannot he determined at what 
stage the reversibility sets in, for we arc as yet unable to 
draw a welldefined limit between extreme chromophilv. cellu- 
lar sclerosis, and cellular atrophy. However, numerous observa- 
tions favour the view that the extreme ehroinophily, which is 



A B 



Fig. ,9. 

Poliomyelitis; A) Patient died 3 months after the onset of paralyses 
which were mostly moderate. B) From another patient, who died 8 month 
after the onset of rather severe and widespread paralyses. The cells are 
in a still reversible state of extreme ehroinophily. 

always an expression of an accumulation of nucleotides in the 
cell, may persist for a lony lime as a still reversible stale of 
the cell, and in my opinion this is not without importance in 
the aftcrlrcalmcnl of poliomyelitis. 

It must, of course, be realized that extreme ehroinophily 
also plays a role in other morbid processes, such as spinal 
muscular atrophy and amyotrophic lateral sclerosis, and here 
shows considerably less reversibility than in poliomyelitis. 
Chromophilv may also be produced experimentally, e.g. by 
prolonged reflex inhibition {Einarson, 15)88), where it is id- 
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ways reversible; by chronic vitamin E deficiency ( Einarson & 
Ringsted, 1938), in which it is less reversible; by chronic 
intermittent anoxia ( Morrison , 1946; Erik Krogh, 1948), where 
the reversibility is considerable; and finally as a transneuronal 
cellular change ( Einarson & Lorenizen, 1946), in which it is 
more difficult to appreciate the degree of reversibility. The 
reversibility of the chromophily as a structural stale thus 

a v«,yi .r 
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Fig. 9. 

Same patient as in fig. 8 B. The most intense degree of extreme chromo- 
phily or cell sclerosis, a stale possibly still reversible, at least the cell 

represented in A). 


depends on the conditions under which it has arisen, and its 
tendency to develop into cellular sclerosis, cellular lipodys- 
trophy, or irreparable cellular atrophy varies accordingly. As 
a cellular reaction in poliomyelitis the reversibility of the 
chromophily is, however . not very unfavourable , and extreme 
chromophily always denotes suppression or loss of physiolo- 
gical impulse activity, a slate of inhibition. 

When the cell enters the chronic state of extreme chromo- 
phily, it means that the impulse activity of the neuron is not 
initiated, and an important factor in the explanation of the 
chromophily must be that the formation of nucleotides con- 
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tinues in spite of the loss of impulse activity. This leads to an 
accumulation of these substances h.nh in the perikaryon, the 
dendrites, and in the nucleus, as the increased dissimilativo 
phase of the nucleotide metabolism connected with the impulse 
activity has been abolished, and the consumption of nucleo- 
tides is thus greatly reduced, he., the production is larger than 
the consumption. The result is that the nucleic acid derivatives 



Fig. 10. 

A) From the same patient as in fit;. 8 B. and i). B) From a patient, who 
died 11 months after the onset of the disease, with severe paralyses. 
Definitely irreversible cellular atrophy. 


.so important to the impulse transmission and the metabolism 
of the neuron are not liberated in sufficient amounts, and that 
basophilic substance, for which the ga l to cija nin-lake-ion has 
such a strong affinity, accumulates in the cell. By degrees the 
new formation of nucleotides will cease, the already accu- 
mulated substance will disappear, while the cell proceeds to 
irreparable cellular atrophy. This assumption is strongly sup- 
ported by the observation that when a neuron neither emits 
nor receives impulses, its cell body gradually enters into a 
state of extreme chromopbilv. 
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cl. Discussion. 

My studies of the spinal cord from poliomyelitis patients 
who died after periods varying from some months to about 
3 years after the acute stage of the disease, have shown that 
not nearly all the motor cells in the area of innervation of 
the paretic or atrophied muscles had disappeared or been 
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Fig. 11. 

Poliomyelitis; patient died more Ilian 2 years after the onset of the 
disease, with widespread paralyses in the lower extremities. Chronic, 
totally irreparable cellular atrophy. 


absolutely irreparably changed. A surprisingly large number 
of cells was still present in a state of extreme chromophily, 
with the isoelectrical point of the Nissl substance lying -below 
or around pH 2.0 (sec Einarson & Lorcnlzcn, 1946. p. 64). On 
the basis of our experimental studies it seems very plausible 
to conclude that functionally it is also here a question of 
cells, the impulse activity of which had been totally abolished, 
but which might have been activated again before they pro- 
ceeded to irreparable cellular atrophy. In my opinion a motor 
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cell of the anterior horns may remain for a very long time 
(up to 12-20 months) in such a torpid state of extreme ehromo- 
phily without being irreparably changed, and without the 
trophic control of the axon (the peripheral nerve) suffering 
any observable damage. 

In many of the chronic cases the cells have, of course, died 





Fifi. 12. 

Same patient as in fig. 11. Chronic irreparable cellular atrophy and cell 

shadows. 


or disappeared or passed into an irreparable stale of atrophy, 
but it need not necessarily always be the case in spile of 
paralyses and muscular atrophies. Excellent results arc now 
often achieved in orthopedic hospitals and sanatoria by physio- 
therapeutic treatment during the second stage of poliomyelitis, 
i.e., in the period between the acute stage and the occurence 
of irreparable damage, and here it is very important to secure 
active physical and psychological co-operation on the part 
of the patient. The results achieved in such institutions cannot 
exclusively he due to i raining and compensatory hypertrophy 
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of such muscular fibres, whose area of innervation ( the 
anterior horn cells) has escaped the acule breakdown, bill 
must also to an essential degree be due to a reversibility of 
neuronal changes. In this connection I want to emphasize that 
in any training an important part is played by central-neuronal 
exercise or adaptation, i.e., the overcoming or lowering of 
synaptic resistances in the central nervous system. In my 
opinion the good results achieved with the aid of modern 
active physiotherapy are to no slight degree due to the circum- 
stance that the systematically produced proprioceptive (stretch 
reflexes ) and cerebrof ugal impulses which impinge on the 
neurons of the anterior horns will gradually release the motor 
cells from their torpid stale of chromophily and thus again 
evoke their impulse activity. The synaptic resistance is over- 
come, the synapse is re-canalized for the impulses impinging 
on the cell, and its own impulse actvily is re-evoked. The 
ensuing increase of the dissimilative phase in the nucleotide 
metabolism involves a consumption of the accumulated sub- 
stances, and the stale of intense chromophily is gradually 
abolished; concomitant with this process the demands for 
resynthesis of the cytoplasmic nucleotides increase. In other 
words, as soon as the impulse activity of the neuron is re- 
established, its nucleotide metabolism is activated. Thus the 
neuromuscular units whose anterior horn cells were extremely 
chromophilic, have a chance of recovery, while those whose 
cells were irreparably changed or have completely disappeared, 
will, of course, he beyond any possibility of recovery. 

On the basis of numerous investigations it has been 
estimated that anterior horn cells with reversible changes 
may he restored to function in the course of from 1-20 months. 
Some authors, indeed, maintain (see e.g. Hansson, 1930, p. 32) 
that nerve cells which have been attacked by the virus and 
damaged without being destroyed, may recover in from 3 to 
a years; and cases of poliomyelitis have been encountered, in 
which completely paralysed and even markedly atrophied 
muscles have recovered after such a long lime. I do not want 
to say anything as to whether the restoration of the muscular 


4 Acta ortliopaeciica, Vol. XIX, 1 
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function in such cases is connected with peripheral axon 
regeneration. I shall merely emphasize the remarkable primary 
resistance to the poliomyelitic process which myelin sheaths 
and especially axons possess. When the cells degenerate in the 
acute phase, the axons will, of course, rapidly he subjected to 
secondary degeneration; hut if the cells are restituted after 
the acute chromatolysis, such axon changes do not occur. I 
shall also emphasize the disproportion existing between the 
intensity of the muscular changes on one hand and the peri- 
pheral nerve changes on the other, which is so often encoun- 
tered in poliomyelitis and amyotrophic lateral sclerosis. 
Several years after the acute stage of the disease severe dif- 
fuse muscular atrophies concomitant with surprisingly slight 
changes in the peripheral nerves have been encountered in 
the chronic stage of poliomyelitis (see Kopils, 1929; Hordmfi- 
Hechst, 1935). This condition often coincides with the presence 
of ample amounts of extremely chromophilic and sclerotic 
cells in the anterior horns,. Several authors believe that if 
the acute inflammatory process can evoke secondary slight 
changes in the nerve cells, the cells may recover in from 
2 to 60 days (Hansson, 1939), but it is doubtful whether such 
cellular changes are of any importance at all. 


S U M M A R Y 

The structural changes of the nerve cells have been studied 
by the aid of the progressive, selective staining with gallo- 
cyanin-chromalum, which allows a quantitative estimation of 
the basophilia of the cells. Since the stain becomes selectively 
hound to the nucleic acids of the structures, its intensity 
(ehromopliily. chromoneulrality, chromophoby) gives a fairly 
accurate expression of the cellular content of nucleic acids, 
which varies markedly in poliomyelitis as well as under ex- 
perimental conditions (anoxia, vitamin E deficiency etc.). 

In .poliomyelitis the acute changes of the cells (swelling, 
chromatolysis, vacuolar dissolution, neuronophagia) are di- 
stinguished from the chronic or late changes (extreme rhroino- 
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phily, cell sclerosis, lipodystrophy and irreparable cell atro- 
phy), and both are estimated in relation to the varying cellular 
content of nucleic acids. In fact lasting pareses and muscular 
atrophies may he the consequenses of these chronic cellular 
changes, and need not necessarily he due to an acute loss of 
the cells and neuronophagia. 

Several observations support the view that the motor cells 
may remain for a long time in the torpid hut still reversible 
state of extreme chromophily, without the trophic control 
of the axon suffering any noteworthy damage. The good 
results of the physiotherapeutic aftertreatment of poliomyelitis 
(the systematic training of paretic and atrophic muscles) 
often achieved in orthopaedic hospitals, are thought to he due, 
in no slight degree, to a release of the motor cells from their 
torpid state of extreme chromophily and a gradual recovery 
of their impulse activity. This applies quite apart from the 
fact, that it is possible to train the unaffected muscle fibers 
to such an extent that they may compensate the acute loss 
of the severely affected neuromuscular units, if this loss is 
not too extensive. 


RESUME 

Les modifications struclurales des cellules nerveuses ont 
ete etudiees a l’aide de la coloration progressive, selective a la 
gallocyanine-chromalum, qui permet d’effecleur une estima- 
tion quantitative de la basophilic des cellules. Depuis que la 
coloration est devenue selective des acides nucleiques de ces 
structures, son intensity (chromophilie, chromoneutralile, 
chromophobie) donne une indication relalivement exacte de 
la teneur des cellules en acides nucleiques, qui differe noloirc- 
menl dans la poliomyelite ainsi que dans les recherehes ex- 
perimentales (anoxic, deficiencc en vitamine E, etc.). 

Dans la poliomyelite. les alterations aigues des cellules 
(enflure, chromatolyse, dissolution vacuolaire, neuronophagie) 
se distinguenl des modifications chroniques ou lardives (chro- 
mophilie extreme, sclerose des cellules, lipodyslropliie el atro- 
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phie irreparable) et il cst possible de determiner le genre de 
modification devant lequcl on se trouve par l’cstimalion de la 
teneur differente des cellules en aeides nucleiqucs. En fait les 
paresies durables et les atrophies museulaires peuvent etrc la 
consequence de ces alterations cellulaircs chroniques el ne soul 
pas necessairement dues a unc destruction aigue des cellules 
et a une neuronophagie. 

Plusieurs observations appuient l’hvpothese que les cellules 
motriccs peuvent restcr tres longtemps dans un etat lorpidc 
d’extreme ehromopilie encore reversible, sans que le controle 
trophique de l’axone en ait souffert scnsiblement. Les bons 
resultats des Iraitemenls complementaires physiotlu>rapcu- 
tiques de la poliomyelite (l’entrainement syslemaliquc de 
muscles paretiqucs et atrophies) sont souvenl obtcnus dans 
les hopitaux orlhopediques et ils sont probablemcnL dus en 
grande parlie au fait que les cellules motriccs onl etc arraehees 
ii leur etat lorpidc d’extreme chromophilie el qu’elles out re- 
trouve graduellcmenl leur activite d’impulsion. II esl d’aillcurs 
entiercmenl fait abstraction du fait qu’il est possible d’enlrai- 
ner des fibres museulaires non alteintes ii tel point qu’clles 
sont capables de compenscr la destruction aigue d’uniles ncu- 
romusculaires severement maladcs, ii condition que celle 
destruction ne soil pas trop extensive. 

Z U S A M M E N F A S S U N G 

Die struklurcllcn Veranderungen dcr Ncrvcnzellcn warden 
mil Hilfe dcr progressives selekliven Fiirbung mit Gallo- 
cyanin-Chromalum untersuehl, die cine quantitative Scluit- 
zung dcr basojdiilen Substanzen der Zellen gcslatlcl. Da dcr 
Farbkorpcr sicli ausscblicsslich mil den Nucleinsaurcn der 
Slruklurcn verbindet. isl ihre Inlensilai (Chroinopbilie. Chro- 
moncutralitat. Chromophobic) cin ziemlich genauer Ausdruck 
des zellularen Gchalls an Nuclcinsiiuren, der sowohl bei Polio- 
myelitis wie unler experimcntellen Bedingungcn (Anoxic. 
Vitamin E-Mangel usw.) belrachllichen Schwankungcn untei- 
worfen isl. 
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Bei der Poliomyelitis werden die akulen Vcriinderungen 
der Zellen (Aufquellen, Chromatolyse, vakuolare Auflosung, 
Neuronophagie) von den chronischen oder Spalveriinderungen 
(extreme Chromophilie, Zellensklerose, Lipodyslrojihic und 
irreparable Zcllenatrophie) unlcrschicdcn, und beide werden 
ini Verhaltnis zu den Schwankungen des Zellengehalts an Nu- 
cleinsauren geschiitzt. Tatsachlich konnen dauernde Parescn 
und Muskelatrophien die Foigen dieser chronischen Zcllver- 
anderungen scin und brauchen nicht notwendig auf einem 
akuten Verlusl der Zellen und Neuronophagie zu beruhen. 

Mehrere Beobacbtungen sliilzcn die Ansicht, dass die mo- 
torischen Zellen langere Zeit in einem starren, aber immer 
noch reversiblen Zustande exlremer Chromophilie verbleiben 
konnen, ohne dass die trophische Kontrolle des Axons irgend- 
welchen nennenswerten Schaden erleidet. Die guten Rcsultate 
der physiotherapeutischen Nachbehandlung der Poliomyelitis 
(die systematische Uebung der parelischen und atrophischen 
Muskeln), die in den orthopadischen Krankenhausern oft 
erzielt werden, mussen wohl in nicht gcringem Grade auf 
einer Auflockerung des starren Verweilens der Zellen in ex- 
tremer Chromophilie beruhen und auf einer gradweisen Wie- 
dererlangung ihrer Reiztiitigkeit. Dies gilt ganz abgescbcn von 
der Talsache, dass es moglich ist, die nicht angegriffenen 
Muskelfasern soweit zu trainieren, dass sic den akulen Vcr- 
lust der schwerer angegriffenen neuromuskularen Einheilcn 
kompensieren konnen, wenn dieser Verlust nicht zu ausge- 
delint ist. 
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LA HUS EINARSON 
I. INTRODUCTION 

Tlie investigations on which the following notes are based 
have been carried out mainly by means of the progressive 
selective staining reaction of gallocyanin-chromalum (Einar- 
son, 1932) supplemented by some other histochemieal deter- 
minations; they will he published in detail in subsequent 
papers. It is sufficient to say that by means of photometric 
measurements staining with gallocyanin-chromalum allows a 
quantitative estimation of the basophilia of the cells. Since 
the stain becomes selectively bound to the nucleic acids of 
the cell structures, the staining intensity, as expressed by the 
states of chromophily, chromoneutralily and chromophobv 
respectively, gives a fairly accurate measure of the nucleic 
acid content of the cells (Einarson, 1934, 1945, 1947: Einarson 
& Lorentzen 1946: Lagerstedt 1947, 1948). This content is 
considerably altered in anoxia and vitamin 1*2 deficiency as 
well as in the changes following poliomyelitis. Thus the degree 
of the staining intensity depends directly on the inherent 
capacity of the cell to bind the stain: this depends on its 
content of nucleic acids, which is profoundly influenced by 
the state of functional activity of the neuron: the latter shows 
an intimate correlation with the structural stages of chromo- 
phily and chromophoby (for reference see Einarson, 1945 and 
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1949). II is sufficient to say that the various stages of chromo- 
phoby represent ceils in increasing and prolonged activity, 
while extreme chromophily represents cells whose impulse 
activity has for some time been depressed or totally abolished. 
Since the Nissl substance is composed of nuclcoin'oteins. acid 
and basic proteins respectively ( Einarson , 1935), the stages 
of chromophily and chromophobv involve a shift in the iso- 
electric point of the Nissl substance ( Einarson , 1937, 1945), 
due to a change in the mutual quantitative ratio between its 
nucleic acids (polynucleotides) on the one hand and its basic 
proteins on the other. 

These intracellular and functional conditions of the neur- 
ons are profoundly altered in the structural changes following 
anoxia, vitamin E deficiency and poliomyelitis, and I think 
it is of some interest to investigate their mutual relationship 
in terms of their histochcmical correlate. 


II. ANOXIA AND VITAMIN Ii DEFICIENCY 


Changes of the anterior horn cells similar to those de- 
scribed in poliomyelitis (sec Einarson, Acta orlopaed. scand. 
1949) may also be produced experimentally by anoxia (Erik 
Kroglx 1945; Morrison 1946) and by vitamin E deficiency 
(Einarson & Ringsted 1938). 

The initial effects of both anoxia and vitamin E deficiency 
are always swelling and chromophoby of the nerve cells, 
accompanied by hyperexcitability and spastic rigidity of the 
muscles. Many years ago ii was established, and has since 
been confirmed several times (see Einarson & Eorcnlzcti, 


1946), that anoxia of an intensity sufficient to produce spasms 
and convulsions need not be either so pronounced or so pro- 
longed as to produce irreparable cellular changes or necroses. 
A short acute anoxia will invariably produce an initial state 
of excitation, which may be more or less pronounced bet ore 
the activity is paralysed. As a morphological expression the 
initial chromophoby corresponds to this stale of excitation, 
i.e., a more or less pronounced breakdown and disappearance 
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of the polynucleotides of the cell take place (see fig. 1). A 
more prolonged, intermittent anoxia, which is not sufficient 
to produce disintegration and necrosis of the cells (sublelhal 
anoxia), will, on the other hand, lead to extreme chromophily 
accompanied by paralysis of the impulse activity, and gradual- 
ly later to cellular atrophy; the same is true of the prolonged 
effect of chronic vitamin E deficiency (see fig. 1). If the 


® <?jd - V : # 



Fig. 1. 

A) Motor cell in extreme chromophoby. representing the initial structural 
effects of vitamin E deficiency and acute anoxia respectively. 

B) Motor cell showing the initial chromatolysis of acute poliomyelitis. 

C) Motor cell in an early stage of extreme chromophily representing the 
late or retarded structural effects of chronic, suhlethal anoxia, pro- 
tracted vitamin E deficiency and chronic poliomyelitis respectively. 
Gallocyanin-ehromalum, pH 1.64 X 600. 

anoxia is initially either too intense or too prolonged, the 
nerve cells will, of course, he totally destroyed by a rapidly 
progressing degenerative process. 

How arc the structural effects of anoxia to he explained? 
There is no doubt that the necessary nucleic acid derivatives, 
which are so important in the metabolism of the neuron and 
for the formation of acetylcholine, originate from the de- 



58 


L. KIN ARSON 


composition of the nucleic acid., of the cytoplasm, which are 
in turn re-formed from the nucleus of the cell ( Einarson . 
1933. 1945). It appears that the presence of rather ample 
amounts of adenosine triphosphate (ATP) is required in the 
nervous system, presumably in connection with the great 
consumption and resv n thesis of acetylcholine. ATP is con- 
stantly re-formed hy liberation of adenylic acid from the 
stored polynucleotides of the cytoplasm (the Nissl substance) 
and subsequent phosphorylation of the liberated acid. This 
process will he particularly evident when there is a highly 
increased and prolonged impulse activity with its concomitant 
intense decomposition and resynthesis of acetylcholine, for 
then the stored polynucleotides, which may he demonstrated 
histochemically, are consumed (see the diagram fig. 2). The 
constant trophic maintenance of the structural integrity of 
the axon must presumably make heavy demands on the meta- 
bolic-chemical work of the nerve cell, but it must he assumed 
that during the normal resting phase the presence of phos- 
phocreatine as a phosphate-donor reserve is sufficient to se- 
cure constant re-phosphorylation of ATP, as in muscles. Dur- 
ing the enormous growth requirements in connection with 
regeneration of the neuron this is scarcely the case, for then 
the gray substance of the anterior horns loses about 40 % of 
its normal content of phosphoereatinc. (Bodian, 1947. p. 172). 
Simultaneously the heaviest decomposition and consumption 
of the stored polynucleotides of the cell occurs, as evidenced 
hy chromatolysis, and undoubtedly has a certain relation to 
the liberation of important nucleic acid derivatives such as 
adenylic acid. In the adull organism, Ihc cells of no other 
tissue contain such large amounts of cytoplasmic polynucleo- 
tides as the nerve cells, and this must be explained by the 
special metabolic conditions of the neurons, since these sub- 
stances are being constantly decomposed and re-formed in 
close correlation with the functional and trophic activity of 
the neuron (Einarson, 1933, 1945: Einarson & Lorentzen , 
1946). 

It is possible that nerve cells possess depots of chemically- 
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hound oxygen, which are utilized during the short initial state 
of excitation following anoxia, with its concomitant increased 
requirements on decomposition and resynthesis of acetyl- 
choline (chromophohy). But it is equally plausible to assume 
that, during the brief period of excitation, the nerve cells are 
capable of mobilizing anaerobic energizing processes, and 
through these, if only for a very short time, arc able to satisfy 
the acetylcholine requirements. The extreme chromophily of 
chronic ,sublethal anoxia is tantamount to a paralysis of the 
impulse activity of the neuron; here the energy reserves, 
whether they are depots of chemically-bound oxygen or due 
to anaerobic processes, must he exhausted, so that the nucleic 
acid derivatives necessary for the resynthesis of acetylcholine 
are not split off from the polynucleotides of the cytoplasm, 
and these consequently accumulate in the cell owing to the 
still active production of nucleotides from the nucleus (see 
the diagram fig. 2). Now, it has also been found (Slone. 
Marshall & Nimms, 1941; Gurdjian. Webster & Slone, 1944) 
that the content of phosphocreatine and ATP in the nervous 
system is considerably reduced during anoxia and after ex- 
perimental head and brain injury. 

How are the structural effects of vitamin E deficiency to 
he explained? It has now been established that vitamin E 
inhibits oxidation; thus it protects certain substances (fatty 
acids, vitamin A) against oxidation. In vitamin E deficiency 
the oxygen consumption of the tissues is enormously increas- 
ed; so that vitamin E must either have some control over 
the tissue respiration, or diminish the oxygen consumption 
(Victor, 1934; Houcliin & Matlill, 1942; Houcliin, 1942). In 
vitamin E deficiency, administration of the relatively water- 
soluble «-tocopheroI phosphate will rapidly reduce the oxygen 
consumption to the normal level ( Houcliin & Mai till, 1942), 
and it may he important that phosphorylation of the toco- 
pherol, hv which it is transformed into a water-soluble com- 
pound. takes place in the organism. The initial structural 
effect of vitamin E deficiency, the pronounced chromophohy 
of the nerve cells, may thus he explained by the removal of 
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a factor inhibiting oxidation: thus the tissue respiration can- 
not be kept at the level of the resting phase, and the poly- 
nucleotides stored in the ceil must necessarily be decomposed 
under the increased requirements on the metabolism and the 
resynthesis of acetylcholine, as in acute anoxia. Similarly, it 
is possible to explain the chronic structural effect of prolonged 
vitamin E deficiency, the extreme chromophilv of the nerve 
cells, by the fact that the highly increased oxygen consumption 
will lead to an exhaustion of the energy reserves of Die colls 
and to the gradual development of a chronic sublctlml anoxia 
with the ensuing accumulation of cytoplasmic polynucleotides 
and an arrest of the resynthesis of acetylcholine. Our own 
investigations, which I shall not mention here, show that in 
prolonged vitamin E deficiency Ike phosphocrcalinc and Ihc 
ATP content of the gray substance of ihc nervous system 
diminish considerably and finally disappear as the slate of 
deficiency leads io irreparable cellular atrophy (Einarson, 
unpublished work). Furthermore, it has been found that in 
rats on a low-fat, vitamin E-free diet, administration of toco- 
pherol increased their resistance and prolonged their survival 
time under anoxia; increasing the fact content of the diet 
shortened the survival time under anoxia {Howe, Hickman & 
Harris, 1945). 

Several investigators have pointed out that vitamin E 
probably also has some special tissue affinity and thus has 
a protective or antidyslrophic action on tissues. On a diet 
low in vitamin E, or high in unsaturalcd acids, which hind or 
attack the vitamin, the tissues become dystrophic (see Einar- 
son & Rings ted, 191)8; Einarson, 1941) but only a very slight 
amount of vitamin E is necessary for their protection. Epp- 
stcin & Morgulis (1941 and 1942) found that the minimum 
antidyslrophic daily dose in the rabbit was 200-400 y rr-toco- 
pherol (ca. 0.82 mg) per kg body weight. Einarson & Itingsled 
(unpublished data) found that in a 80-day-old common while 
rat the minimum dose necessary for protection against neuro- 
muscular disturbances is as low as 25-50 y «-tocophero! pci 
day. I have made certain observations which suggest that, 
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owing io its special tissue affinity, vitamin E is an instru- 
mental factor in the liberation of adenylic acid from the cyto- 
plasmic polynucleotides of the nerve cells ( Einarson , un- 
published work), and thus is more closely involved in the 
synthesis of acetylcholine than is generally assumed. If we 
accept that the decomposition of pyruvic acid occurs under 
the agency of H 3 PO„ by which acelylphosphate is formed, 
then the acetyl phosphate may he of central importance in 
the synthesis of acetylcholine. It may act partly as an acetyl 
donor and partly as a powerful phosphate donor, which in 

Pyruvic acid + H*PO< Acetyl phosphate + CO: 

1 

Adenylic acid 2 Acetyl phosphate ATP CILCOOII 

t I I 

Polynucleotides of Acetyl ATP -f- K + 

the Nissl substance 

+ + • + 

' Choline Choline acctylaso 

a-tocopherol + O: , , 

Acetylcholine 

Fig. 2. 

Diagram illustrating the assumption that a-tocopherol acts by stimulating 
the liberation of adenylic acid from the polynucleotides of the Nissl 
substance, and its consequent importance in the formation of ATP and 
the synthesis of acetylcholine. See text. 

the presence of free adenylic acid will form the ATP necessary 
for the synthesis of acetylcholine (see the diagram fig. 2). 
Undoubtedly the free adenylic acid is to an essential degree- 
formed by the direct decomposition of the cytoplasmic poly- 
nucleotides ('the Nissl substance ) of the nerve cells, and it 
is in this primary liberation of adenylic acid that vitamin E 
plays a role owing to its tissue affinity. 

As a working hypothesis this is in harmony with the 
essential structural effect of vitamin K deficiency, the tissue 
dystrophy, which is so characteristic in the gray substance 
of the nervous system, in the muscles, and in the seminiferous 
epithelium of the testicles. That vitamin E may he involved 
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in a special way in acetylcholine metabolism is suggested by 
the fact that in the neuromuscular dystrophy produced by 
vitamin E deficiency the content of cholinesterase of the 
atrophic muscles is very considerably reduced ( Sloerl: & 
Morpeth, 1944). It has also been maintained that a-toeopherol 
stimulates the synthesis of acetylcholine (Torda & Wolff . 
1945), and in my opinion this is due to its action in promoting 
the liberation of adenylic acid for the production of ATP. 
Whether the cronic structural effect of vitamin E deficiency 
is due to removal of a factor inhibiting oxidation or to a 
defective occupation of special tissue affinities, it will always 
histochemically manifest itself by a reduced decomposition 
of the polynucleotides of the nerve cell and by a defective 
liberation of adenylic acid; this is the gist of the matter. 

III. POLIOMYELITIS 

How, then, are the structural effects of poliomyelitis to 
he explained? The initial chromatolysis and the subsequent 
acute cellular dissolution are due to a direct action of the 
virus (see Einarson, 1949). However, this can scarcely be the 
case in the chronic changes (extreme chromophily, lipodys- 
trophy, cellular atrophy), since these do not occur until later, 
when the acute changes have passed, or in close relation to 
the regeneration of the nerve cells; thus the chronic changes 
are secondary, as compared with the acute ones. We might 
possibly speak of an indirect effect or an after-el icct of the 
virus. 

Which factors can be surmised to be instrumental in the 
development of the chronic changes of the anterior born cells? 
In my opinion, three possibilities ought especially to be con- 
sidered, namely: 

1 ) The changes are due to a secondary chronic, sublelhal 
anoxia, 

or 

2) There is a defective utilization of vitamin h f ciys- 
vitaminosis). in which a surplus of vitamin h must be 
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supplied to the nerve cells for the restoration of their 
normal activity, 
or 

3) We are dealing with transneuronal cellular changes 
(see Einarson & Lorentzen, 1946) due to a primary 
injury of spinal internuncial neurons and reflex path- 
ways. 

Chromophoby is a cytological expression of increased im- 
pulse activity, and must he associated with an increased de- 
composition and resynthesis of acetylcholine. In the same 
way, extreme chromophily and cellular atrophy are always, 
whether they are due to suhlethal, chronic anoxia, vitamin E 
deficiency, or transneuronal degeneration, expressions of inter- 
rupted impulse activity and must he associated with reduced 
or arrested decomposition and resynthesis of acetylcholine. 
Irrespective of which of the three factors plays the most im- 
portant role in the pathogenesis of the chronic changes, it 
seems to me to he worth while, as part of the after-treatment 
of poliomyelitis, to administer large doses of vitamin E simul- 
taneously with the physiotherapeutic treatment and training 
of the muscles. From a theoretical point of view it is not im- 
possible that the administration of vitamin E might be. an 
adjuvant to the physical training and orthopaedic support of 
the paretic, muscles, and I would recommend a dose of 30-60 
mg a-tocopherol by mouth daily over a Jong period (1 to 2 
years). New evidence, both clinical and experimental supports 
the view that a-tocopherol should be given by mouth; the 
parenteral administration of the vitamin is less effective, 
suggesting that «-tocopherol undergoes some important chan- 
ges in the gastro-inleslinal tract (see, e.g. Milhorai & Bartels, 
1945). It will, of course, he difficult to evaluate the results, 
hut nevertheless one must ask why vitamin E should not he 
given during the acute stage of the disease, or even as a pro- 
phylactic, especially to persons who have been in contact 
with poliomyelitis patients or live in their immediate sur- 
roundings. In this connection I want to cite the following 
statement of Bicknell & Prescott (1942. p. 558): "Sabin & 
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Duffy from experimental work on young mice believes tlial 
vitamin E plays a part in the resistance of the nervous system 
to virus infections. Einarson & Ringsled's experimental work 
stresses that the lower motor neurons degenerate when there 
is a deficiency of vitamin E. These two observations suggest 
that vitamin E might he of value in increasing the resistance 
of children to infantile paralysis.” 

Incidentally, it is possible that the suggested vitamin E 
treatment should he combined with the administration of 
factors from the vitamin B group. In this connection I will 
mention the work of Milhornl & Bartels (1945), which indi- 
cates that the utilization of a-locophcrol in patients suffering 
from muscular dystrophy is increased by the simultaneous 
administration of inositol. The combination of both these 
factors was found to he many limes as effective in reducing 
crealinuria as wheat germ oil alone, and both factors should 
he given by mouth. 

It is possible that a tocopherol-inositol condensation pro- 
duct is formed in the gastrointestinal tract, and that the con- 
stitutional defect in muscular dystrophy is a defect in this 
process of condensation, and that the patients need the con- 
densation product itself. It might therefore, be worth while In 
administer an extract of hog stomach and duodenum (ven- 
Iriculin, pylorin ) simultaneously with a-locopherol and ino- 
sitol, and this treatment should be tried not only in cases of 
muscular dystrophy and spinal atrophy, but also in polio- 
myelitis. 

Actually, this is in full agreement with the view, expressed 
11 years ago by Einarson & Ringslcd, that some components 
of the vitamin B complex might require the coexistence of 
vitamin E for their action, and that it would he conceivable 
that a certain balance between factors of the B group on one 
side and vitamin E on the other side (Einarson Si lUngsted. 
1938, p. 153) may he necessary. 

Finally, I want to add a few remarks on the vulnernbililv 
of the motor cells in relation to their localization in the 
anterior horns. It was recognized long ago that the various 
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cell groups are not affected to the same degree, and attempts 
have been made to explain this fact by the distribution of the 
vessels within the anterior horns, as it was thought that the 
distribution and extent of the process was conditioned by the 
various architectonic vascular areas. This explanation is, how- 
ever, untenable, for within the same vascular area some of the 
cells of the groups in question may he severely affected, while 
others remain normal. The explanation of the varying degree 
of vulnerability has therefore been sought in the hypothesis 
that the individual cells possess varying degrees of resistance 
or susceptibility at the onset of the disease, and that such 
conditions may play a certain role. Obviously, if the process 
is of sufficient intensity, all the cells may he affected and 
destroyed almost simultaneously. Hence the varying vulner- 
ability of the cells will be most apparent in cases where the 
process is less intense and less widespread. 

On reviewing the litteralure I found certain common 
features with regard to the localization of the most vulnerable 
cells in the anterior horns, which are in full agreement with 
my own observations. Thus Schwalbe (1902. p. 492-494) re- 
ported that when the process was of a moderate extent, it was 
the cells localized in the central parts of the anterior horns 
which were first affected, and that there was a marked 
tendency for the process to spread upwards and downwards 
in the central parts of the anterior columns. On the other hand, 
the cells localized along the outer periphery of the anterior 
horns were much better preserved; incidentally, Schwalbe 
found that the medial cell groups were slightly more vulner- 
able than the lateral groups. Practically the same findings 
have later been reported, c.g. by Horanyi-Hcchsl (1935, p. 34- 
35). Warburg (1931, p. 1208-1211) described exactly the same 
findings in her material of experimental, chronic poliomyelitis 
and concludes by saving: “ There was also a variable number 
of cells approximating Ihc normal, generally near the peri- 
phery of the anterior horns”. Finally. Elliot (1945) found 
that the dorsomedial cell group was the first to he affected, 
and that the process spread from here, via the central part 
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of the anterior horn, in the direction of its ventrolateral peri- 
phery, so that the cells along the periphery were preserved 
for the longest time. In my own material I have found ample 
evidence of the fact that the nerve cells in the central parts 
of the anterior horns are most vulnerable to the poliomyelitic 
process, and therefore they are attacked first , whereas the 
cells along the periphery are more resistant and accordingly 
the last to be attacked. 

How is this very important fact to be explained? Here 
it is of importance that the same picture, i.c., breakdown and 
atrophy of the central cells with preservation of the peripheral 
cells, may he produced experimentally with considerable ac- 
curacy. Thus Einarson & Ringsled (1938) produced this pic- 
ture of the anterior horns in adult rats by experimental 
chronic vitamin E deficiency. The cells localized at the peri- 
phery of the anterior horn, which are more resistant to this 
deficiency, innervate principally the extensors (the antigravilv 
muscles), while the more vulnerable central cells supply the 
adductors and flexors, and it is just these muscles which are 
attacked first and most severely (sec Einarson & Ilingslcd. 
1938. pp. 72-77 and 117). The same picture has also been 
produced very clearly by Erik Krogh (1944, 1945) by experi- 
mental acute anoxia of the lumbar portion of the spinal cord 
of the rabbit. The anoxia was produced by a specially designed 
clamp ( Hdggqvisl , 1938) by which the aorta was compressed 
against the ventral surface of the spinal column. By injection 
of radioactive Na Krogh established the fact that a very slow 
circulation took place in the capillaries in the parts thus 
occluded, so that it would take an hour or more before the 
blood in the capillaries would be completely renewed: under 
normal conditions this renewal lasts less than a minute. 
Furthermore, injection preparations with India inkgelatin 
showed that there was no difference between the density of 
the capillary network in the centre and in the periphery ot 
the anterior horn respectively. The difference in the vulner- 
ability of the peripheral and the central cells of the anterior 
horn to anoxia is thus not due to a denser or sparser vasetr- 
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larization respectively, but to the position of the cells in 
relation to the capillary. Krogli made the very important 
observation that the arteries, even those passing through the 
centre of the anterior horn, split up into capillaries in the 
periphery of the anterior horn, while the veins are found in 
and radiate from the centre. Krogh's explanation of the differ- 
ence in the vulnerability of the cells is based on this fact. He 
says, “The result of the examination of cleared preparations 
is therefore that the cells in the periphery of the anterior horn 
are in the main close to the arterial ends of the capillaries, 
while the central cells lie close to the venous ends. By the very 
slow circulation produced by the occlusion the peripheral cells 
will have an opportunity to use up most or all of the oxygen 
available, and this is the reason why they belter resist the 
lack of oxygen”. ( Erik Krogli, 1945, p. 280). 

Finally, Krogli discussed the possibility that the greater 
resistance of the peripheral cells to vitamin E deficiency com- 
pared with the central ones, as shown by Einarson &. Ringsled, 
may he due to the same cause. That there may arise a differ- 
ence in the vitamin E concentration in the arterial and venous 
ends of the capillaries respectively in spile of the normal rapid 
circulation, is due to the fact, that vitamin E like all other 
fat-soluble substances diffuses very easily and quickly through 
the capillary walls in the central nervous system. It is thus 
possible that, although the quantities of vitamin E are actually 
insufficient, the cells in the periphery of the anterior horn 
may take up any small amounts of vitamin E which may he 
present in the “vitamin E-free diet”, or may still he mobilized 
from the depots of the animal, and may, therefore, resist the 
vitamin deficiency better and longer than the cells in the 
central part of the anterior horn. 

It is not only possible, hut even reasonable, to assume that 
the explanation of the varying degree of vulnerability of the 
anterior horn cells in poliomyelitis is to he found in the 
conditions discovered by Erik Krogli. Thus it may he surmised 
that the increased need for oxygen and vitamin E arising 
during the poliomyelitic process may manifest itself to such 
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By far the most accurate method of evaluating quanlila- 
ti\ eh these cellular conditions is, however, staining with 
gallocyanin-chromalum, since this stain enters into a very 
selective and stable compound with the polynucleotides of the 
cells. The photometric estimation of the staining intensity of 
gallocyanin-chromalum thus gives a measure of the cellular 



T-T and C-C showing the toluidin blue and the cyarol curves fur 
chromoneutrnlily of the nerve cells; (lie isoelectric point of the Nissl 
substance lies at pH 2.7. G-Gi, G~G= an<l G-Ga representing the gallocyanin 
curves for extreme ehroinophily, chromoneutrality and extreme chroinu- 

plioby respectively. See text. 

content of nucleic acids, as it may vary, c.g. in vitamin 1> 
deficiency, anoxia and poliomyelitis. 

The selectivity of gallocyanin-chromalum staining and its 
different nature from that of the usual basic blues, can he 
seen from the intensity curves of the staining; fig. d shows 
also the gallocyanin curves for extreme ehroinophily, chromo- 
neutrality and extreme chromophoby respectively. The slight 
ascent of the curves from pH 0.8 to pH 2.0, which becomes 
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steeper from pH 2.0 to pH 2.7, is due to the increasing, ad- 
sorption of the stain, i.c. the unspecific co-staining of the 
tissue. This would mean a source of error in the photometric 
estimation of the intensity of the specific staining if the ad- 
sorption were not so slight; at pH 1.64, which is the acidity 
of the staining solution we usually use, the adsorption is 
rather negligible and practically unimportant. The intense 
specific staining in the whole range of pH on the acid side 
of the isoelectric point is due to the selective binding of Ibe 
slain lo the polynucleotides of the Nissl substance and the 
nucleolus, lo be explained by the strongly acid properties of 
the nucleic acids; here no staining of the proteins can lake 
place (see Einarson, 1947, p. 7-9). On the other hand the steep 
rise of the curves on the alkaline side of the isoelectric point, 
reaching a peak at pH 3.42, is due to a binding of the stain 
to the proteins of the Nissl substance in addition to the stain- 
ing of its polynucleotides (sec Einarson , 1947, p. 10). The 
curves fall steeply toward zero from approximately pH 3.6, i.c. 
the staining fades away; at pH 4.25 it is just perceptible. The 
conclusion is that the staining intensity obtained by means 
of a gallocyanin-chromalum solution, the pH of which lies on 
the acid side of the isoelectric point of the Nissl substance 
(c.g. pH l.6h or less), gives a fairly accurate measure of its 
content of nucleic acids ; most probably the gallocyartin lake- 
ion+ become attached to the phosphoric acid groups of the 
polynucleotides. (Einarson, 1947, p. 13). 

The toluidin blue and cyanol curves arc typical of staining 
by electrostatic adsorption. The proteins being amphoteric 
electrolytes, only combine with cations and positively-charged 
stains on the alkaline side of the isoelectric point, and with 
anions and negatively-charged stains only on the acid side. 
At their isoelectric point the proteins combine with only small 
amounts of both basic and acid stains. 

On the acid side of the isoelectric point of the Nissl sub- 
stance the gallocyanin Iakc-ion+ only combines with the 
nucleic acids of the cell structures; in the range of pH 0.83- 
2.7 the binding of the positively-charged stain is independent 
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of the ionisation of the proteins. Thus the gallocyanin lakc- 
ion+ possesses a selective affinity for nucleic acids and it may 
be characterized and evaluated quantitatively as a liislo- 
chemical staining reaction. 


V. EXTREME CHROMOPHILY AND LIPODYSTROPHY OF THE 

NERVE CELLS 

I have emphasized repeatedly that the stale of extreme 
chromophily of a nerve cell, characterized by the great content 
of substance stainable with gallocyanin-chromaluin, gradually 
proceeds to irreparable cell atrophy, the final outcome of 
which is a pale cell shadow from which the Nissl substance 
has disappeared (e.g. Einarson , 1949). Frequently this process 
is associated with lipodystrophy and vacuolieation of the cell 
(sec Einarson & Lorcnlzcn, 1946, p. 62-64). As the substance 
stainable with gallocyanin-chromaluin gradually disappears it 
is replaced hy a peculiar, diffuse or densely packed, fatty 
substance which has a rather dark, greyish-yellow appearance, 
and sometimes shows a more distinct granular or corpuscular 
distribution. Undoubtedly we are dealing with a mixture of 
lipoids, proteins and some lipoproteins, which do not contain 
nucleic acids; these degeneration products increase simultane- 
ously with the disappearance of the nucleic acids of the Nissl 
substance. 

Finally, the nerve cells may become filled with these 
lipoid and protein substances, which slain intensely with 
toluidin blue and often with hematoxylin as well, but which 
are left entirely unstained by gallocyanin-chromaluin (see figs. 
4 and 5). This is important since the staining with toluidin 
blue will simulate extreme chromophily, while gallocyanin- 
chromalum reveals that this is actually a lipodystrophy of the 
cell , and very little or nothing of the selectively stainable 
substance remains (figs. 4 and f>). 

The lipodyslrophic change of the nerve cells occurs in the 
final stage of chronic vitamin E deficiency (fig. 1). in chronic 
poliomyelitis (fig. 5), as a chronic after effect of partial or 
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sublethal anoxia and in amyolropliic lateral sclerosis (see 
Einarson & Ringsied, 1938, Einarson & Lorenlzen, 1946 and 
Einarson, 1949), and like true extreme chromophily is most 
frequently seen in the human cerebral cortex from various 
pathological conditions and mental disorders. 

In a recent work Hochberg & Hgdcn (1949) studied by 
ultraviolet microphotography and absorption measurements 



Fig. h. 

Lipodystrophy and irreparable atrophy of spinal motor cells from an 
adult rat in the final stage of chronic vitamin E deficiency, with severe 
paralyses and muscular atrophy. A) The cell is filled with dark lipoid- 
protein substances; B) cells with still visible remnants of stainable sub- 
stance; C) a cell showing irreparable atrophy with corkscrew-shaped 

dendrites. 

Gallocyanin-chromalum, pH 1.64. X 550. 

the motor nerve cells to from rabbits with spastic paralysis 
produced by occluding the abdominal aorta according to Hdgg- 
quisl’s method. They claim that they examined nerve cells, 
which showed extreme chromophily. and found that they 
contained no measurcablc quantities of nucleic acids. On the 
other hand the physical condition of the cell substance was 
altered and the intense ultraviolet absorption was caused by 
the considerable unspecific losses of light due lo scattering 
in the specimen. The authors consider that this result con- 
tradicts my interpretation that nerve cells showing extreme 
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chromophilv contain large concentrations of nucleic acids, as 
evidenced by their intense stainability with gallocyanin-chrom- 
alum. 

However, there is no doubt that the cells studied by Iloch- 
berg & Hijden were not in the state of true extreme chromo- 
phily, as described by me after staining with gallocyanin- 
chromalum, because in pure chromophihj of the kind there is 



Fig. 5. 

Lipodystrophy of a spinal motor cell in chronic poliomyelitis. Some 
remnants of stainable substance are still visible. Patient died 8 months 
after the onset of rather severe and widespread paralyses. 
Galloeyanin-chromalum. pi I 1.G4. X (>00. 


never any sign of vacuolization, and Hie cells of Ilochberg <V 
11 y den showed pronounced vacuolization throughout their 
entire cytoplasm. Vacuolization, lipodystrophy and granular 
protein degeneration, when following extreme chromophilv 
as secondary changes, first set in at the subsidence or gradual 
disappearance of true chromophily. On the other hand vacuo- 
lization and lipodystrophy arc frequently met with its primary 
changes in or after anoxia. 

Further, Erik Krogh (Ada Jutlandica. HMo) has con- 
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clusively demonstrated that true extreme chromophily (gallo- 
cyanin stain) never occurs as the primary result of acute 
anoxia as produced by means of the Happy vis l aorta clamp. 
This particular paper by Krogh is quoted in the list of refer- 
ences of Hochberg & Ilyden’s paper, but it is not mentioned 
in their text, although Krogh uses exactly the same occlusion 
technique as Hochberg & Hyden and Krogh’ s paper was 
published 3 V 2 years earlier; otherwise Hochberg & Iiydcn’ s 
paper is very interesting and important. Probably the intense 
ultraviolet absorption in these dark cells of Hochberg & Hyden, 
caused by the unspecific losses of light, has been produced by 
the lipoid-protein degeneration substances of the cells, hut 
this condition must not be confused with true extreme chromo- 
phily as it appears after staining with gallocyanin-chrom- 
alum. 

According to Alslerberg (1948) the lipoids and lipoproteins 
of the nerve cells which can be stained by his own special 
JCN-AgC10 3 method are different from the Nissl substance, 
and are located between the Nissl bodies. After treatment with 
cold pyridin the Nissl bodies disappear, while the lipoid-protein 
substances are still sharply stained. This is in accordance 
with my own experience that pyridin. NH,OH, NaOH and KOII 
partly dissolve the Nissl bodies and the nuclear substance, 
while the surrounding cytoplasm and the karvoplasm stain 
diffusely with gallamin blue ( Einarson , 1935, p. 108-113). 

The conclusion is that I must maintain my interpretation 
of the state of true extreme chromophily as being tantamount 
to large concentrations of nucleic acids in the nerve cells. All 
our work on experimental inhibition, stimulation, anoxia, 
vitamin E deficiency etc. and observations from human 
material strongly support the view that the accumulation of 
nucleic acids in the nerve cells of extreme chromophily is due 
to a reduced consumption and decomposition of the poly- 
nucleotides of the cells and to a defective liberation of adenylic 
acid. Then ATP is not formed and the ensuing arrest of the 
synthesis of acetylcholine means an interruption of the im- 
pulse transmission of the neurons concerned. Thus the struct- 
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ural stale of extreme chromophily of a nerve celt signifies a 
total cessation of its impulse activity , which may be cither 
temporary or persistent, whether it is produced by chronic, 
siiblclhal anoxia, chronic vitamin E deficiency, chronic polio- 
myelitis or other noxious conditions. 

Important evidence supports the assumption that n-loeo- 
pherol acts by stimulating the liberation of adenylic acid from 
the polynucleotides of the Nissl substance, and thus «-toco- 
pherol might possibly help in releasing the nerve cells from 
their torpid state of extreme chromophily, if it is given before 
the condition has become irreversible. 


S V M M A R v 

The Nissl substance of the nerve cells is composed of 
polynucleotides, acid and basic proteins respectively. 

The occurence of extreme chromophoby of the nerve cells 
(gallocyanin stain) is due to a reduction or depletion of the 
polynucleotides of the cells; it corresponds to a state of in- 
creased and prolonged physiological activity of the cells (a 
state of excitation) and represents the initial structural effect 
of acute anoxia and vitamin E deficiency respectively. It 
signifies an increased decomposition of the polynucleotides 
of the cells with an ample liberation of adenylic acid, which 
is necessary for the constant reformation of ATP, lor which 
there is a great need in the central nervous system owing to 
the ample consumption and rosy n thesis of acetylcholine. 
Structurally, extreme chromophoby closely resembles the 
initial chromalolysis of acute poliomyelitis. 

Extreme chromophily of the nerve cells (gallocyanin 
stain) is due to an increase or accumulation of polynucleotides 
in the cells; it signifies a cessation of the physiological im- 
pulse activity of the cells (a state of inhibition or totally de- 
pressed activity) and represents the late or retarded structural 
effect of chronic, sublethal anoxia, protracted vitamin h de- 
ficiency or chronic poliomyelitis. It is due to a reduced con- 
sumption and decomposition of the polynucleotides of the 
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cells with a consequent defective liberation of adenylic acid: 
and the ensuing lack of ATP means an arrest of the formation 
of acetylcholine. 

Within a nerve cell the essential source of adenylic acid 
is the Nissl substance, of which ribonucleic acid (polynucleo- 
tides) is a most import component. Thus the liberation of 
adenylic acid takes place from the cytoplasmic polynucleotides 
of the nerve cells. Important evidence suggests that vitamin E 
stimulates this liberation of adenylic acid, which subsequently 
becomes phosphorylaled to form ATP. This phosphorylation 
may possible he carried out by acetylphosphale, which at the 
same time may act as acetyl donor in the synthesis of acetyl- 
choline. 

In poliomyelitis the chronic changes of the nerve cells 
(extreme chromophily, lipodystrophy, irreparable atrophy) 
may he due to a secondary chronic, sublethal anoxia, to a 
defective utilization of vitamin E (dysvilaminosis) or to trans- 
neuronal degeneration. Irrespective of which of the three 
possibilities plays the most important role, and whether 
vitamin E acts by regulating oxidation or by the occupation 
of special tissue affinities, it is recommended that the admin- 
istration of large doses of a-locophcrol (30-60 mg by mouth 
daily) to poliomyelitis patients should he tried as a supple- 
mentary treatment to the physical training and orthopaedic 
support of the paretic muscles: a-locopherol should perhaps 
he given in combination with inositol; parenteral administra- 
tion is less effective. 

The greater vulnerability in poliomyelitis of the motor 
cells located in the central part of the anterior horn as com- 
pared with the greater resistance of the cells situated in its 
periphery, may he due to the circumstance that the peripheral 
cells lie close to the arterial end of the capillaries, while the 
central cells lie close to the venous end. If in poliomyelitis 
the need for oxygen and vitamin E is raised, the amounts 
available may he consumed at the arterial ends of the capil- 
laries, so that little or none is left for the central cells lying 
at the venous ends. 
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In chromoneutral cells the isoelectric point of the Nissl 
substance lies at pH 2.7 ; the figure is important for staining. 
On the acid side of the isoelectric point the gallocvanin Iake- 
ion+ combines only with the nucleic acids of the cell struc- 
tures; in the range of pH 0.83-2.7 the binding of the positively- 
charged stain is independent of the ionisation of the proteins. 
At an appropriate pH the intensity of the staining with gallo- 
cyanin-chromalum gives an accurate measure of the content 
of nucleic acids in the cell structures; most probably the 
gallocyanin lake-ion+ becomes attached to the phosphoric acid 
groups of the polynucleotides. 

Extreme chromophily of a nerve cell may proceed to 
irreparable atrophy and lipodystrophy, in which the gallo- 
cyanin-stainable substance is replaced by Jipoid-prolcin de- 
generation products. The latter slain intensely with loluidin 
blue and hematoxylin, but are left entirely unstained by gallo- 
cyanin-chromalum, which differentiates sharply between the 
state of true extreme chromophily and the slate of lipoid- 
protein dystrophy of a nerve cell. Most probably these lipoid- 
protein substances cause the intense ultraviolet absorption 
due to scattering and unspecific losses of light in the prepara- 
tion, hut in such cases the dark ultraviolet cell pictures or 
the toluidin blue pictures must not be confused with true 
extreme chromophily. At an appropriate pH (1.04 or less) 
gallocyanin-chromalum gives no unspecific co-slaining. 


RESU M E 

La substance Nissle des cellules nerveuses se compose rcs- 
pectivemcnl de polynucleotides respcclivcincnl, dc proleines 
acides el basiques. 

Lorsqu’on sc trouve en presence d’une chromophohie ex- 
treme dcs cellules nerveuses (coloration a la gallocyaninc), 
e’est qu’il y a reduction ou disparition dcs polynucleotides dcs 
cellules. Ceci correspond a un elat d’activite physiologique 
accrue ou prolongee des cellules (un elat d’excitation) el rc- 
presenle l'cffel structural initial d’une part de I’anoxie aigue 
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et d’autre part d’une deficience en vitamine E. Ceci signifie 
par ailleurs qu’il y a decomposition accrue des polynucleotides 
des cellules avec liberation appropriee d’acide adenylique ne- 
cessaire a la regeneration constante de ATP donl il v a un 
fort besoin dans le system e nerveux central par suite de la 
forte consommation et de la resyntbese de I’acetylcholine. La 
cbromophobie extreme ressemble beaucoup au point de vuc 
structural a la chromatolyse initiale dans la poliomyelite 
aigue. 

La chromopbilie extreme des cellules nerveuses (coloration 
a la gallocyanine) est due a une augmentation ou une accu- 
mulation des polynucleotides dans les cellules; el le indiquc 
qu’il y a cessation de 1’activite impulsive pbysiologique des 
cellules (un etat d’inbibition ou d’aclivite entierement sup- 
primee) et represenle l’effet structural tardif ou retarde soil 
d’une anoxie cbronique sublethale avec deficience de vitamine 
E, soit de poliomyelite cbronique. Elle est due a une consom- 
mation reduite et a la decomposition des polynucleotides des 
cellules avec liberation defeclueuse d’acide adenylique; le 
manque d’ATP qui s’ensuit enlraine la cessation de la pro- 
duction d’acetylcholine. 

Dans les cellules nerveuses, la substance Nissle est la prin- 
cipal source de production d’acide adenylique et I’acide ribo- 
nucleique provicnt done des polynucleotides cvtoplasmique des 
cellules nerveuses. Un fait important indiquc que la vitamine 
E stimule cette liberation d’acide adenylique qui produil en- 
suite de l’ATP par phosphorylisation. Cette ])bospborylisation 
est peut-etre produitc par des acelylphosphate qui peuvent en 
nieme temps jouer le role de donneur d'acetyle dans la svn- 
tbese d’acetylcboline. 

Dans la poliomyelite les modifications cbronique des cellu- 
les nerveuses (extreme chromopbilie, lipodystrophie. atrophic 
irremediable) sont dues a une anoxie cbronique sublethale 
seeondaire, une utilisation defectueuse des vilamines E (dvs- 
vitaminose) ou une degeneration transneurale. Quelle que soit 
celle de ces trois possibility qui joue le plus grand role el si 
la vitamine E agit commc regulateur d’oxydation ou possedc 
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certaines affinites de tissu, il esl recommande de donncr do 
fortes doses de a-toeopherol (30—60 mg par jour et par la 
\ oie buccale) aux malades soulfrant de poliomyelile coiumo un 
Iraitement coniplemenlaire au traitement physique et orlho- 
pedique des muscles paralyses. II faul pcut-etre administrer le 
a-tocopherol simullanement avee de l’inositol; radministra- 
tion parenterale est moins efficacc. 

La plus grande vulnerability dans la poliomyelile des cellu- 
les motrices situees dans la partie centrale de la come anle- 
rieure, comparee a la plus grande resistance des cellules de 
la periphcrie esl pcut-etre due au fail que les cellules peri- 
pheriques sont rapprochees de rcxlrcmite arteerielle dcs capil- 
laires tandis quc les cellules centrales sont rapprochees dcs 
cxlremites veineuses. Si le besoin d’oxygene et de vilaminc E 
est accru dans la poliomyelile, il est possible que la quantile 
qui est disponiblc soit consumec dans I’exlremite arterielle des 
capillaires el qu’il n’en reste que peu ou point pour les cellules 
centrales situees an tour des cxlremites veineuses. 

Dans les cellules chromoneutrales le point isoelcctrique 
de la substance Nissle est a j)H 2,7; sa situation esl importante 
pour la coloration. Du cole acide du point isoelcctrique le ion- 
laque de la gallocyaninc 4- n’esl combine qu'avcc les acides 
nucleiques des structures cellulaircs; dans pH = 0,83 — 2,3 la 
fixation de la couleur i)ositive est inde])endante de la ionisa- 
tion des proleines. Avcc un ])H approprie, Pinlensite de la 
coloration au chromalum-gallocyanine donne une indication 
exacte de la ten cur cn acides nucleiques de la structure collii- 
laire; l’ion-laquc de la gallocyaninc + est plus vraiscmblahle- 
inent fixe aux groupcs de I’acide phosphorique dcs jjolynu- 


cleotides. 

La chromophilie extreme d une cellule nerveuso pent de* 
venir de ratrophie irremediable el de la lipodyslrophie dans 
laquellc la substance colorable a ta gallocyaninc esl remplaeee 
par dcs produits de degeneration dcs proleines lipoTdiques, 
Ces derniers sont forlemcnt colores au bleu loluidine el a 


riiemaloxvline mais sont 
lum-gallocyanine, ce qui 


ahsolumenl incolorahles an chroma* 
differentie netlement I'etat ‘I’exlrcme 
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chromophilie veritable et l’etat de dystrophic des protcines 
lipoidiques d’une cellule nerveuse. II est tres probable que ces 
substances de proteines lipoi'diques provoqucnt une absorption 
ultraviolette intense par suite d’une perte disseminee el non 
specifique de la lumiere dans la preparation, mais dans ces 
cas le dessin de la cellule ultraviolette foncee ou celui de la 
toluidine bleue ne doit pas etre confondu avec la cbromopbilie 
extreme reelle. Avec un pH approprie (1,64 ou moins), le 
chromalum-gallocyanine ne donne pas de coloration auxiliaire 
non specifique. 


ZUSA M M ENFASS U N G 

Die Nissl’schen Korperchen der Nervenzellen bestehen aus 
Polynucleotiden, aus sauren, bezw. basischen Proleinen. 

Das Auftreten extremer Chromophobie der Nervenzellen 
(Gallocyanin-Farbung) ist auf eine Reduktion oder auf den 
volligen Verlust der Polynucleotide der Zellcn zuriickzufiih- 
ren; es entspricht einem Zustande erhdhler oder verliingerter 
physiologischer Aktivitat der Zellen (einem Zustande der Er- 
regung) und stellt die beginnende slrukturelle Wirkung einer 
akuten Anoxie, bezw. eines Vitamin E-Mangels dar. Es ist ein 
Zeichen verinelirter Zersetzung der Polynucleotide der Zellen 
mit reichlicher Freisetzung von Adenylsaure, die fur die kon- 
stante Neubildung des ATP erforderlich ist, fur das im Zen- 
tralnervensystem infolge starken Verbrauchs und Wiederauf- 
baus von Acethylcholin ein grosses Bediirfnis vorhanden ist. 
Die extreme Chromophobie hat slruklurell eine grosse Aehn- 
lichkeit mit der anfiinglicben Chromatolysc bei akuter Polio- 
myelitis. 

Die extreme Chromophilie der Nervenzellen (Gallozyanin- 
Farbung) beruht auf einer Vcrinehrung oder Akkuinulation 
der Polynucleotiden der Zellen: sie ist ein Zeichen dafiir. dass 
die physiologische Iinpulsaktivitiit der Zellen aufgehort hat 
(ein Zustand bchinderter oder vollsliindig unterdriickler Ak- 
tivitat), und sic stellt die spiite oder verzogerle slrukturelle 
Auswirkung einer chronischen. subletalen Anoxie. eines pro- 


6 Acta orthopacdlca. Vol. XIX. 1 
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trahierlcn E-Vilaminmangels odcr ciner chronischon Polio- 
mvclilis dar. Sic hal ihrc Ursachc in reduzicrlem Vcrbrauch 
und Zcrsclzung dcr Polynuclcolidcn dcr Zcilen mil cincr de- 
fekten Freisetzung von Adenvlsaure; und dcr daraus folgendc 
Mangel an ATP bedeutet cin Aufhdrcn dor Acelylcholinbil- 
dung. 

Die wichtigsle Quelle der Adenvlsaure in den Ncrvenzcllcn 
sind die Nissl’schen Korperchen, von denen Rlbonuclcinsiiurc 
cine selir wichtigc Komponcnle ist : die Freiselzung der Adc- 
nvlsiiurc gehl also von den cytoplasinalischcn Polynuclcolidcn 
dcr Ncrvenzcllcn aus. Wichlige Tatsaclicn spreeben dafiir. 
dass das E-Vitamin diesc Freiselzung von Adenvlsaure sliniu- 
licrl, die dann durch Phospborylisierung das ATP bildel. Diese 
Phosphorylisierung gelil viellcicbt mil Hilfc von Acctylphos- 
]>bal vor sich, das glcichzeilig in der Synlbcse dcs Acelylcbo- 
lins als Acclvldonor auftrelen kann. 

Bci Poliomyclilis konnen die chronisehen Vcriindcrungcn 
in den Ncrvenzcllcn (extreme Cbromopbilic, Lipodystrophie, 
irreparable Atrophic) auf einer sekundaren chronisehen, sub- 
letalen Anoxic, auf cincr dcfcklcn Ausnutzung dcs F-Vilamins 
( Dysvitaminosc) oder auf einer Iransneuralen Degeneration 
beruhen. Oline Riicksichl darauf, welchc der drei Moglich- 
keiten die wichligstc Rolle spielt, und oh die Wirkung dcs 
Vitamin E auf einer Rcgulicrhng der Oxvdation oder auf einer 
bcsondcrcn Gewebsaffinilat beruht, cmpfichlt es sich, bci 
Poliomyclilis-Paticntcn cine Zufuhr von grossen Doscn von 
n-Tocopherol (30 — GO mg taglich oral) als unterstiitzende Rc- 
handlung dcr physikalischen Behandlung und ortbopadiseben 
Stutzhehandlung der geh'ihmten Muskcln zu versueben; n-To- 
cophcrol solllc viellcicbt mil Inositol zusammen gegeben wer- 
den; cine parentcralc Zufuhr ist weniger wirksam. 

Bci dcr Poliomyelitis ist die grosscre Emjjfindlichkcit der 
motorischen Zcilen iin zcnlralen Toil dcs Vorderhorns im \ r er* 
gleich mil der grosscrcn Widerstandskraft der Zcilen seiner 
Peripherie viellcicbt auf den Umstand zuriickzufiihren, dass 
die peripheren Zcilen dichl am arteriellen Endc der Kapillarcn 
liegen. wahrend die zcnlralen Zcilen dichl an den venosen 
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End en Iiegen. Wen n der Bedarf an Sauerstoff und E-Vilamin 
bei Poliomyelitis vermehrt ist, wird vielleicht die zur Vcr- 
ftigung stehende Menge im arteriellen Ende der Ivapillaren 
verbraucht, weshalb fiir die zentralen Zellen, die um die veno- 
sen Enden herum Iiegen, nur wenig odcr gar nichts mchr iibrig 
bleibt. 

In den chromoneutralen Zellen liegt der isoelektriscbe 
Punkt fiir die Nissl’schen Korperchen bei einein pH von 2,7; 
seine Lage ist fiir die Farbung von Bedeutung. Auf der sauren 
Seite des isoelektriscben Punktes verbindet sich das Gallo- 
cyanin-Lack-Ion nur mit den Nucleinsauren der Zellenstruk- 
tur; innerhalb eines pH von 0,83 — 2,7 ist die Bindung des 
positiv geladenen Farblackes unabhangig von der Ionisation 
der Proteine. Bei einem entsprechenden pH ergibt die Intensi- 
tat der Farbung mit Gallocyanin-Chromalum ein genaues Mass 
fiir den Gehalt der Zellenstruktur an Nucleinsauren; das Gallo- 
cyanin-Lack-Ion wird aller Wahrscheinlichkeit nacli an die 
Phosphorsaure-Gruppe der Polynucleoliden gebunden. 

Die extreme Chromophilie einer Nervenzelle kann His zur 
irreparablen Atrophie und Lipodystrophie andauern. bei der 
die mit Gallocyanin farbbare Substanz von Degenerations- 
produkten der Lipoide und Lipo-Proteine erstattet ist. Letztere 
lassen sich mit Toluidinblau und Hamatoxylin intensiv fiir- 
ben, konnen aber mit Gallocyanin-Chromalum iiberbaupt nicht 
gefarbt werden, was cine scliarfe Unterscbeidung gestattet 
zwischen einem Zustande wirklicber extremer Chromophilie 
und einem Zustande von Lipoid-Protein-Dystrophie einer Ner- 
venzelle. Hbchslwahrscheinlich verursachen diese Lipoid-Pro- 
tein-Substanzen eine intensive ultraviolette Absorption infolge 
einer Lichtzerstreuung und eines unspczifischcn Licblverluslcs 
in den Praparaten, aber in solchen Fallen darf man die dunk- 
len ultravioletlen Zellen-Bilder oder Toluidin-Blau-Bilder niebt 
mit wirklich extremer Chromophilie vcrwecbseln. Bei einem 
riclitigen pH (1,64 oder darunter) gibt Gallocyanin-Cbroma- 
lum keine unspezifische Mitfarbung. 


6 * 
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OX THE TREATMENT OF RADIAL PALSY RY TENDON 
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KAJ ROJKL 

The treatment of a traumatic radial paralysis which shows 
no evidence of spontaneous recovery is. in the first instance, 
operation on the nerve, that is to say, either neurolysis or 
nerve suture after resection of the scar tissue between the 
nerve ends. 

If these operations arc ineffective, or if they cannot he 
used, either because of the extent of the lesion, or because of 
complications, e.g. suppuration, there still remains a means 
of improving the function of the hand, namely, transplanta- 
tion of the less important flexors of the forearm to some of 
the paralysed extensors. 

The various components of a radial paralysis contribute 
unequally to the total disability, which is frequently severe. 

The palmar flexion and loss of active dorsiflexion, at the 
wrist, make the hand useless for writing and other finer 
actions which require cither a neutral position or a slight 
dorsiflexion at the wrist, and also weaken the grip, since the 
long flexors cannot act with full power. 

The adduction and opposition of the thumb can interfere 
with the flexion of the 2nd and 3rd digits, and the loss oi 
active extension and abduction of the thumb make it difficult 
or impossible to open the hand for gripping. 

The loss of active extension of the mclacarpo-phalangeal 
joints of digits 2-f> also reduces the ability of the hand to 
open, and of the fingers to assume the position necessary for 
the action of the long finger flexors. However, this lack of 
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active extension at the metacarpo-phalangeal joints is partly 
compensated by the extension of the inter-phalangeal joints 
by the interossei and the lumbricals. 

The pronation position of the forearm is of less importance 
to the function, both because most of the functions of the 
hand are performed in pronation, and because the paralysis 
of the supinator can be partly compensated by the biceps; 
and many patients learn to supinate the band and forearm 
by a special twist. 

Similarly, the triceps paralysis is usually of less importance 
because most of the functions of the hand are carried out 
below the level of the shoulder, and the absent triceps func- 
tion can be replaced by the action of gravity in extending the 
forearm. In addition, the triceps is paralysed in only 10-20 % 
of radial paralyses (3), which are usually caused by lesions 
of the nerve distal to the origins of the branches to the triceps. 

From this it follows that in transplantation for radial 
paralysis the chief aims are to obtain dorsiflexion of the wrist, 
extension of the metacarpo-phalangeal joints of digits 2-5, and 
abduction and extension of the thumb. 

Tendon transplantation for radial paralysis was first per- 
formed by Franke in 1S9S (2); the first transplantation in 
Scandinavia was performed by Cappelen in Norway in 1899 
(1). During and after the first world war the operation was 
much used, especially in Germany, and its value was shown 
in the works of Gessner & Riedel (3), Perihcs (6), Mayer (5) 
and others. 

The various techniques which have been used will not be 
described in detail here, but their common principles will he 
discussed. These are: 

1) Transplantation of the flexor carpi ulnaris to the ex- 
tensor digitorum communis. This aims to give active dorsi- 
flexion of the wrist and extension of the fingers. 

2) Transplantation of the flexor carpi radialis or the 
palmaris longus to the oblique tendons of the thumb. This 
aims to restore the powers of abduction and extension of the 
thumb. 



88 


K. ROJEL 


3) Arthrodesis of the wrist in dorsiflexion. or 

-1) Tenodesis of the wrist, one or inoie of the paralysed 
extensor tendons being fixed to the bones of the forearm with 
the wrist in dorsiflexion. By this means palmarflexion is lost, 
while further dorsiflexion is not prevented. 

Sndcck (7) recommends suturing the tendons of the ex- 
tensor digitorum communis to the dorsal carpal ligament 
with the wrist in dorsiflexion. or joining the extensor tendons 
together above Ibc wrist, so that tbe suture site cannot pass 
under the dorsal carpal ligament. In both cases palmarflexion 
of the wrist is lost: but tbe latter method does not prejudice 
the possibility of active dorsiflexion — in the event of later 
recovery of the nerve’s function or tendon transplantation. 

f>) Others, including some Americans, have proposed 
transplanting the pronator teres to the radial extensors of 
the wrist, in order to give them active function and to reduce 
the tendency to pronation of the forearm. This method does 
not seem to have been much used. 

The following is the technique used in tbe Orthopaedic 
Hospital in Arhus: 

Through a 15-20 cm. long incision running up from the 
wrist along the middle of the dorsal surface of the forearm, 
the bundle of tendons of extensor digitorum communis, and 
the tendons of extensor pollicis longus. extensor pollicis brevis 
and abductor pollicis longus arc isolated. Tbe tendons of the 
radial extensors of the wrist arc also isolated, if they are to 
be used for activating the oblique muscles of the thumb, or 
for tenodesis. 

Next, two 15-20 cms. long incisions are made along the 
ulnar and radial borders of the forearm running proximally 
from the pisiform and the styloid process of the radius. 
Through these incisions the flexor carpi ulnaris and flexor 
carpi radialis are isolated, and later their tendons arc divided 
as far distallv as possible. 

Muscle fibres of the former arise from the ulna almost 
down to the wrist-joint, so that it is necessary to cut some 
of thcM* fibres in order to mobilise a sufficiently long belly. 
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which should measure 12-14 eras. Isolation of a sufficiently 
long muscle belly of the flexor carpi radialis presents no 
similar difficulties. 

A blunt instrument is now passed subcutaneously, under 
the bridges of skin between the three incisions, to make sub- 
cutaneous tunnels running from the proximal ends of the two 
border incisions obliquely distally to the distal end of the 
middle incision. The two flexors of the wrist arc passed 
through these tunnels, and the border incisions are closed. 

With the wrist held in 40° dorsiflexion and the fingers 
extended, the tendon of the flexor carpi ulnaris is passed 
obliquely distally and radially across the tendons of the ex- 
tensor communis digitorum and sutured to each one. In the 
same way the tendon of the flexor carpi radialis is sutured 
to the tendons of all three, or perhaps only two, of the oblique 
muscles of the thumb, with the thumb held in abduction and 
extension. The midlinc incision is then closed. 

When the plaster is removed, between 4 and 5 weeks later, 
the patient cannot oppose the thumb, nor flex the fingers. 
These movements are usually quickly recovered with active 
exercises. 

In a number af cases variations of this standard technique 
have been used, and these will be briefly mentioned here: 

In the 6 cases in which the flexor carpi radialis was used 
for activating the oblique muscles of the thumb (Cases No. 1, 
2, 3, 4, 5, 6, and 9) it was in only 2 cases (nos. 4 and 9) trans- 
planted to all three; in the other 4 it was transplanted to only 
the extensor pollicis longus and abductor pollicis longus. 

In 1 case (no. 8) the palmaris longus was used instead 
of the flexor carpi radialis and it was sutured to the extensor 
pollicis brevis and the abductor pollicis longus. 

In the remaining cases (Nos. 3, 7 and 10), the dorsiflexors 
of the wrist were not paralysed and the abduction of the 
thumb was obtained in the following ways: in no. 3 by trans- 
planting the extensor carpi radialis brevis into the extensor 
pollicis longus; in no. 7 by transplanting one of the radial 
extensors of the wrist to the extensor pollicis longus and the 
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other to the abductor pollicis longus: and finally in no. 1(1 
by transplanting the extensor carpi radialis longus into all 
the oblique muscles of the thumb. 

In these last 3 cases it was possible to '’ ansplanl to the 
oblique muscles of the thumb through the d >rsal incision, so 
that it was not necessary to make the radial incision. 

In all 10 cases the transplantation to the c-xicnsor digitorum 
communis was by the method already mentioned, using the 
flexor carpi ulnaris. 

Finally, tenodesis of the wrist was done in nos. 1 and 2. 
using the tendon of one of the radial extensors of the wrist, 
first cutting it and then suturing it to the periosteum on the 
dorsal surface of the radius. 

This material from the Orthopaedic Hospital in Arhus 
consists of 10 patients, who, since 1037, have been operated 
on by the method described above. Their case histories and 
follow-up examinations will he briefly described here. 


A V). 1. J. 1SS3. A girl aged 15 years. 5 years previously a blow on the 
L. arm without fracture. Typical complete isolated paralysis of the radial 
nerve below the branches to the triceps. Operation 1.1.7.37, 5 years after 
the paralysis: 1) flexor carpi ulnaris to extensor digitorum communis. 
2) flexor carpi radialis to extensor pollicis longus and abductor pollicis 
longus. 3) tenodesis. Follow-up, 11 years after operation: 20° ulnar 
deviation of the wrist. Active movements of the wrist with clenched hand: 
30° dorsiflexion, 80 c palmarflexion. with extended fingers: 5° dorsi- 
flexion, 50° palmarflexion. The transplanted flexor carpi ulnaris and the 
site of the suture between it and the extensor communis digitorum. 
henceforth called only “suture site”, cannot be felt. Digits 2-5 have 
normal active and passive movements of all joints, and the hand is 
clenched normally. The hand grip is weak. No excursion registered on 
the dynamometer, and the wrist goes into 80° plantarflexion and 30° 
ulnar deviation, but if the hand is supported in slight dorsiflexion 10 l‘.g. 
can be registered. No difference between the sound and operated sides 
with "finger crooking". The thumb: abduction -10°, flexion 35°, extension 
— 2(V (he. the carpo-mclncarp.nl joint lacks 20° of extension in the same 
I'lane as the fingers!, normal flexion and extension in the metacarpo- 
phalangeal and intcrphalangeal joints, normal opposition with the tip 
against the root of the little finger. At this examination the patient was 
aged 2n years, married, looked after her home and in addition had a 
sewing establishment where site worked without any difficulty. She was 
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well satisfied with the results of the operation. No. 1 photographed 
22.6.48. 

jVo. 2. J. 2155. (1937). Boy, aged 15 years. Typical complete isolated 
radial paralysis hclow the branches to the triceps after operation for 
osteomyelitis of the R. humerus a year previously. Sequestrum discharged 
while in this hospital. Operation 9.8.47. 1 year after the paralysis: 
1) flexor carpi ulnaris to extensor communis digilorum and extensor 
indicis; 2) flexor carpi radialis to extensor pollicis longus and abductor 
pollicis longus; 3) tenodies of the wrist. Follow-up 11 years after opera- 
tion: Marked atrophy of the muscles on the dorsal and radial sides of 
the forearm. Active movements in the wrist with fist clenched: 45° d.f./ 
50° p.f., and with extended fingers: 20° d.f./80° p.f. Definite contraction 
of flexor carpi ulnaris and movement of the suture site. No side deviation 
at the wrist. Normal active movements in all joints of digits 2-5. The 
hand is clenched normally. Power on the dynamometer 1 kg., the hand 
going into 80° palmarflcxion. If the hand is supported in slight dorsi- 
flexion the power is 12 kg. No difference of “finger-crooking'’ power be- 
tween the two hands. The thumb: carpo-metacarpal joint has 30° ab- 
duction, 45° flexion. -4- 10° extension, and normal opposition, with the 
tip of the finger against the root of the little finger. Normal active 
movement- in the metacarpo-phalangcal and interphalangeal joints. The 
patient is a builder’s carpenter and manages all the work involved with- 
out any difficulty. He is well-pleased with the result of the operation. 
No. 2 photographed 21.7.48. 
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Ao. J. 10:112. (l'.)-ll). Hoy, aged 12 years. Injured a months previously 
in the belt of a threshing-machine. Multiple fractures of the 1\. arm, with 
a \ olkmnnn’s paralysis, which made the limb almost useless. Frnueture 
of the !.. forearm with paralysis of extensor communis digitnrum and of 
the oblique muscles of the thumb, with preservation of the dorsiflexors 
of the wrist: corresponds to a lesion of the posterior inlerosseus branch 
of the radial nerve. Operation 1.2.41. G months after the injury: 1) flexor 
carpi ulnaris to extensor digitorum communis; 2) extensor carpi radinlis 
brevis to extensor pollicis longus. The latter was not divided since the 
possibility of reinnervation could not be excluded. Follow-up 7 years 
after operation: No side deviation of the wrist of which the active move- 
ments with clenched fist are (i0° d.f./50° p.f., and. with extended finger*., 
•th <i.f./7n c p.f. Dynamometer: 52 ltg. Normal movement of all digits 
including the thumb. It was specially noted that tightening of the tendons 
of extensor pollicis brevis and abductor pollicis longus on abduction 
suggested activity of these muscles. These 2 muscles were not activated 
at operation, so they must have been re-innervated post-operativcly. This 
cas^. in which the hand is by all criteria normal, must therefore be ex- 
cluded from the operation results. 

.V>. 5. J. /.{/ <l‘l 12). Man aged -l!> years. Typical, complete, isolated 
par.. Is sis of the radial nerve distal to the triceps brandies after a blow 

00 the arm, without fracture, 11 months previously. Operation: 7.2.12, 
!.• m.i. ,ths after tin* injury, and 7 months after neurolysis without remit: 

1 < fb-.i.r carpi ulnaris to extensor digilnrum communis; 2.i flexor carpi 
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radialis to the 3 oblique muscles of the thumb. Follow-up 0 years after 
transplantation: No side deviation of the wrist. Active wrist movements 
with clenched fist: 70° d.f./15° p.f., and with extended fingers 70° d.f./ 
0° p.f. Visible contraction of the flexor carpi ulnaris and movement of 
the suture site can he felt. The meta-carpophalangeal joints of digits 2-5 
are held in the following positions and cannot he actively staigthened: 
120°, 130°, 120° and 90°; active flexion to 90°, 100°, 90° and 70 °. There 
is full passive movement of these joints, so restriction of active move- 
ment by capsular contracture can he excluded. Normal active movement 
of the intcrphalangeal joints of these digits. The hand is clenched nor- 
mally. The patient has some difficulty in grasping the dynamometer, hut 
when he has done so, without the help of the sound hand, he registers 
25 kg. (Sound hand 30 kg.). Same power in the 2 hands with finger- 
crooking. The thumb: Carpo-metacarpal joint: abduction 20° with simul- 
taneous flexion to 30°, flexion 40°, extension -f- 30°, opposition with the 
tip against the root of the 4th finger. Normal movements of the mala- 
carpophalangcal and intcrphalangeal joints. The patient is a labourer 
and can do all his work. He has slight difficulty with taking hold of 
things, e.g. the handle of a shovel, but when lie has got hold of it cor- 
rectly his grip is good and strong. He is very pleased with the result of 
the operation. Case 4. photographed 19.10.42. 

No. 5. J. 15111 . (1942). Following a eoramine injection in the R. fore- 
arm 19 months previously, paralysis of the extensor digitorum com- 
munis and the oblique muscles of the thumb, hut preservation of active 
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dorsiflcxion of the wrist. Operation 11.9.42. 19 months after the paralysis: 
1) flexor carpi ulnaris to extensor digitorum communis; 2) flexor carpi 
radialis to extensor pollicis longus and abductor pollicis longus. Follow- 
>il* •’ years after operation: Active movement of the wrist with clenched 
fist: tit) 0 d.f./25° d.f., and with extended fingers: f>0° d.f./fi 0 d.f. The 
suture site could he felt to lie mobile. Active movement of metacarpo- 
phalangeal joints of digits 2-5: 150-110°. normal active movement of 
inlerphalangeal joints. Normal fist. Dynamometer pressure 50 kg. (Sound 
hand .12 kg.). Equal power of the two hands with finger-crooking. The 
thumb: Harpo-mctacarpal joint movements: abduction 50°. flexion 50°, 
extension 20°, opposition with tip of thumb to root of the 4th digital 
space. Normal movements of the inotaearpo-phalangeal and inlerphal- 
angeal joints. The patient now works only in an office; he writes with- 
out difficulty. Previously he worked as an egg packer and could also do 
this without difficulty. He is very pleased with the result of the opera- 
tion. Case No. 5. photographed 15.9.45. 

A". 11. J. (1942). Hoy. aged 8 years. Extensive laceration of the 

arm in a road accident 14 months previously. Complete, typical, isolated, 
radial paralysis distal to the triceps branches. Operation 21.12.42. 15 
months after the injury: 1) flexor carpi ulnaris to extensor digitorum 
communis; 2) flexor carpi radialis to extensor pollicis longus and ab- 
ductor pollicis longus. Follow-up a’-l- years after operation: Active move- 
ments in the wrist with clenched fist: 40° d.f./fi0° p.f.. and with fingers 
extended: a d.f., 70’ p.f. Active contraction of flexor car))) ulnaris is 
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felt, with movement of the suture site. Completely normal active move- 
ment of all joints of digits 2-5. The hand is clenched normally. Weak 
power: dvnamometry 0 kg., and the hand goes into 70° pa Imnrflexion 
and 30° ulnar deviation. With the hand supported in slight dorsiflexion 
the dynamometer records 10 kg. (Sound hand 15 kg.). Equal power in 
the two hands with finger-crooking. The thumb: completely normal 
active and passive movements in the carpo-metacarpal, metacarpo-phal- 
angeal and interplialangeal joints. The patient is employed as a hoy on 
a farm and says he can do everything, including milking. Case No. 6. 
photographed 15.11.43. 

No. S. J. 23156. (1944). Man, aged 23 years. He developed L. radial 
paralysis distal to the triceps branches 13 months previously, after 
spraying fruit trees with lead arsenate. Medical treatment had no result. 
Since he had had a fracture in the elbow region 11 years previously which 
had left some weakness of the arm the nerve was explored in the neuro- 
surgical department. This operation also had no result. Operation 2.5.45. 
21 months after paralysis: 1) flexor carpi ulnaris to extensor digitorum 
communis; 2) palmaris longus to abductor pollicis longus and extensor 
pollicis brevis. Follow-up 3 years after operation: The transplanted flexor 
carpi ulnaris has changed into a firm fibrous cord without active con- 
traction. and the suture site can be felt firmly fixed during the move- 
ments of the wrist. Roth the wrist and the metacarpo-phalangcal joints 
of digits 2-5 can be moved actively, but only in such a way that move- 
ment at one at once produces a contrary movement at the other, and 


% 


K. R0.1EI. 




Fi(j. S. 


isolated active movement of the wrist or the fingers is not possible. 
When the hand is clenched the wrist goes into 35° dorsiflexion ; hut this 
position can only he taken up when the hand is clenched and as lone 
as it is clenched, the wrist can not be moved either actively or passively. 
When the fingers are extended the wrist flexes to 0°, and remains there 
so long as the digits remain in this position. These two movements, 
extension of the fingers and palmar flexion of the wrist, are inseparable, 
so that one can only he done with the other. The active movements of 
the metacarpo-phalangeal joints of the fingers are normal with the 
above reservation, and there is normal movement at the interphalangcal 
joints. The dynamometer pressure is 1(5 kg. There is equal power on the 
2 sides with finger-crooking. The hand is clenched normally. The thumb's 
earpn- metacarpal joint: abduction 30° (with simultaneous 30° flexion), 
flexion 3r> B , extension 25°. opposition normal with the tip of the 
thumb opposite the root of the f»th finger. Metacarpo-phalangeal and 
intcrphalangeal joints normal active movements. The patient is a post- 
man and has no trouble at his work. Case No. 8. photographed 20. (5. 48. 

-Vo. V. J. :tiWS. (1046). Man. aged 23 years. Fracture of the lateral 
condyle of the humerus 0 months previously, with paralysis of the radial 
nerve below the branches to triceps. Operation 7.10.40. 0 months after 
the paralysis. Reek’s drilling for pscudarthrosis, and tendon transplanta- 
tion: 11 flexor carpi ulnaris to extensor digilorum communis; 2) flexor 
carpi radialis to all the oblique muscles of the thumb. Follow-up 2 years 
after operation: No side deviation at the wrist, which, with the list 
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Fig. 9. 


clenched, has 75° d.f. and 20° p.f., and with the digits extended as far as 
possible, 80° d.f./35° p.f.: contraction of flexor carpi ulnaris and move- 
ment of the suture site is felt. Digits 2-5 are held in 90° flexion at the 
metacarpo-plialangeal joints and cannot he actively extended; passive 
extension is normal. There is normal active movement of the inter- 
phalangeal joints. Normal fist-clenching. Dynamometer pressure 10 leg., 
during which the wrist is flexed to 20°. (Dynamometer pressure of sound 
hand is 44 kg.). The thumb is abducted, flexed and extended normally; 
its tip is opposed to the side of the base of the 4th finger. Normal move- 
ments of the interphalangeal joints. The patient is fairly satisfied with 
the result of the operation. He is a country postman and can use the hand 
well for coarser movements, e.g. holding the bundles of letters, hut it 
is awkward for finer movements. Case No. 9. photographed 10.1 2. 4G. 

No. 10. J. .'t03G5. (1947). Man, aged 21 years. Puncture lesion of the 
L. cubital region 3 months earlier, with paralysis of the extensor digi- 
torum communis and the oblique muscles of the thumb, and preservation 
of dorsiflexion of the wrist. Operation 13.11.47, 3 months after the in- 
jury: 1) flexor carpi ulnaris to extensor digitorum communis; 2) ex- 
tensor carpi radialis longus to the oblique muscles of the thumb. Follow- 
up 6 months after operation: Active movement of the wrist with fist 
clenched: 40° d.f./25° d.f., and with extended fingers 60° d.f./5° p.f. dur- 
ing which active contraction of the flexor carpi ulnaris and movement 
of the suture site can be felt. Active movement of the mctacarpo-phal- 
angeal joints of digits 2-5 is 180°/120 c , and movements of the other 
joints are normal. Clenching the fist is practically speaking normal, apart 
from defective flexion in the metacarpo-plialangeal joints which makes 
the finger tips reach rather more distally than normally. Dynamometer 
pressure 15 kg. (Sound hand 30 kg.). Equal power of the two hands with 
finger-crooking. The thumb: carpo-metocarpal joint: abduction 45°, flex- 
ion 45°, extension -j- 20°, opposition with the tip against the base of the 
4th digital space. Normal movement in the metacarpo-plialangeal and 
interphalangeal joints. The patient is a labourer in the country and can 
do all work, including milking with a little difficulty. Case No. 10. photo- 
graphed 25.2.48. 


7 Acta orthopaedlca, Vol. XIX, 1 
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DISCUSSION 

The indications for operation, and the possibility of post- 
operative recovery of the nerve function. The indications for 
tendon transplantation were quite clear in eases nos. 1, 2, 4, 
f>. G and 8: the interval after the occurrence of the paralysis 
was 1 to f> years without any sign of spontaneous improve- 
ment. Operation on the injured nerve was also contraindicated 
in nos. 2 and G for local reasons, osteomyelitis in the former, 
and extensive scarring in the latter. In 2 other cases, nos. 4 
and 8. the nerve had been operated earlier without result. 

In these eases it is evident that recovery of the nerve’s 
function could not have occurred after the transplantation, 
and it must he accepted that the good results were due to the 
transplantation, and not to later reinnervation. 

This is not the case with the remaining 8 eases, nos. 8. 
and 10. Case no. 0 had a tendon transplantation 6 months 
after the injury as the Beck’s drilling for pseudarlhrosis was 
done at that time, and cases nos. 8 and 10, in which the signs 
pointed to a lesion of the posterior interosseous nerve, were 
operated on respectively 0 and 8 months after the injury. 
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In view of the good results of tendon transplantation, 
which may probably be compared with those after operation 
on the nerve, and of the probable reduction in contractures 
and disuse atrophy of the non-paralysed muscles with early 
tendon transplantation, the wider indications by which the 
last 3 cases were operated cannot be condemned, although 
spontaneous recovery of the nerve’s function could not be 
excluded at the time of operation. 

In these 3 cases the theoretical possibility of reinnerva- 
tion after the tendon operations makes it impossible to assess 
the results of the operation. Evidence of postoperative re- 
generation was found in case no. 3, as already described, and 
this patient has been excluded. In cases nos. 9 and 10 the 
results were the same, or a little less good, than those found 
in the other cases, so that little falsification results from their 
inclusion included in the assessment of the results of the 
tendon transplantations. 

Follow-up examinations. Table 1 shows the results of 
follow-up examination of the wrist and digits 2-5. The down 
columns show the patients, first the 6 with radial paralyses, 
and then the 3 with posterior interosseous paralyses. The hori- 
zontal rows show the most important examinations. 

The active movements of the wrist with, respectively, 
flexed and, as far as possible, extended fingers, is shown in 
the two first horizontal rows with a Y-shaped figure, whose 
stem corresponds with the forearm, and whose arms show 
the range of movements at the wrist. The stippled horizontal 
line gives the neutral position between dorsiflexion above and 
palmarflexion below. The figures on the arms of the Y show 
the degrees of deviation from 0°. 

The active movement of the rnetacarpo-phalangeal joints 
is similarly shown in the 3rd horizontal row by a T-shaped 
figure, of which the left arm represents the line of the mid- 
hand. and the right arm and the stem the proximal phalanx 
in extension and flexion respectively. The figures on the right 
arm and the stem give the angles made by the basal phalanx 
with the palm in maximum extension and flexion. The normal 
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position of extension at the melacarpo-phalangeal joints is 
thus represented as 180 3 . 

'Hie 3 next horizontal rows require no further explanation 
than that given in the Table. Under the heading “Palmar 
flexion of the wrist during the dynamometer test" the angle 
of forced palmarflexion of the wrist during the test is shown 
in the way already described. A O indicates that the wrist 
was not flexed beyond the neutral position. 

The last hut one horizontal row shows power recorded by 
the dynamometer in cases where the power was increased by 
supporting the wrist. 

The last horiaonlal row shows the “crooked finger’* power, 
which will he explained later. 

For the function of the thumb, reference should be made 
to the case histories since it seemed unnecessary to present 
it in a table. 

The Material. Tendon transplantation for radial paralysis 
has been done in 10 cases since the Hospital was opened. In 
case no. 8 the paralysis was presumably of toxic origin; in the 
others it was caused by various traumata. One patient, no. 7. 
could not he re-examined, and one patient, no. 3. has had to 
he excluded because of post-operative reinnervation, as a!- 
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ready described. The cases can be divided into 2 groups. In 
nos. 1, 2, 4, 6, 8 and 9 all of the muscles innervated by the 
radial nerve in the forearm were paralysed, including the ex- 
tensors of the wrist. In 5 of these cases, that is, all but no. S, 
both the history and examination pointed to a lesion of the 
arm as the cause of the damage to the nerve. For this group 
I have not been able to find any better description than “true 
radial paralysis”. 

The remaining 2 cases, nos. 5 and 10, and the excluded 
no. 3, showed only paralysis of extensor digitorum communis 
and the oblique muscles of the thumb, with preservation of 
the function of the radial extensors of the wrist, and therefore 
of active dorsiflexion of the wrist. These lesions, which cor- 
respond to damage of the posterior interosseous nerve are 
grouped under the term “paralysis of the posterior inter- 
osseous”. In all the cases the triceps’ function was intact. 

The follow-up findings will now be presented in cross- 
section, each function being studied for all the cases. 

Movements of the Wrist. Tenodesis was done in cases nos. 
1 and 2, and was without effect, since marked palmarflexion 
of the wrist occurred in both. 

All patients showed active dorsi- and palmarflexion at 
the wrist. 

In patient no. 8 a peculiar arrangement occurred, as al- 
ready described in his case history. The transplanted flexor 
carpi ulnaris was converted into an inactive fibrous cord, the 
suture site was fixed, and the movements of the wrist were 
coupled with contrary “compensatory” movements in the 
metacarpo-phalangeal joints. Since no active extensors of 
either the wrist of the metacarpo-phalangeal joints could be 
found, their active extension could he explained only as an 
action of the flexors of the digits, possibly in conjunction 
with the action of the active flexor carpi radialis. Evidently 
the operation had resulted in a tenodesis of the tendons of the 
extensors of the digits above the wrist, as is done in Sudeck's 
operation. Their length from the suture site to their insertion 
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was constant. When the fist was clenched the part of the 
tendons which lay on the fingers lengthened; this was only 
possible if there was a corresponding shortening of the tendons 
between the melacarpo-phaiangeal joints and the suture site; 
this forced the wrist into dorsiflexion. The same mechanism 
extended the metacarpo-phalangeal joints, when the wrist was 
actively palmar-flexed. 

The rest of the cases all showed active dorsiflexion of the 
wrist, with the fingers both tightly flexed, and extended as 
straight as possible. The interest is here in the other 5 patients 
(cases nos. 1, 2. 4, 6 and 9) with true radial paralysis, in whom 
the dorsiflexors of the wrist were paralysed before operation. 
In them the restoration of active dorsiflexion of the wrist must 
be due to the action of the transplanted flexor carpi ulnaris, 
and in several one could foe! the active contraction of this 
muscle and the movement c r the suture site. 

The range of movement ,u ’•elation to the neutral position 
is shown in the two upper s of the Table. It shows that 
there were big variations, bo the cases can be divided into 
two well-defined groups. 

Group A consists of cases non. 5, 9 and 10, in whom the 
palmarflexion was limited to near the neutral position. Case 
no. 8, whose condition has been discussed above, must he 
included with these. 

Two causes for this reduced palmarflexion were demon- 
strated by case 8, namely 1) fixation of the suture site, and/or 
2) conversion of the transplanted muscle into a fibrous band. 
These 2 causes do not apply to cases 4, 9. 5 and 10, in whom 
both the muscle was active and the suture site mobile. In 
these cases one might think 3) that tiie transplanted muscle 
by active contraction prevented palmarflexion of the wrist. 
This idea must, however, be rejected for two reasons, firstly 
because it does not explain how, as has been described below, 
the transplanted muscle then fails to hinder the strong com- 
pulsory palmarflexion in the patients in Group B, when these 
contract their finger flexors maximally, and secondly because 
it seems unlikely that this muscle whose power is said to 
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be 5 leg. (7) should be able to equal the strong pull of the 
flexors of Ihe forearm. 

1 think that the most likely explanation of the reduced 
palmarflexion is 4) that the suture site lies so far dislallv 
on the extensors that it is slopped by the dorsal carpal liga- 
ment and the partitions under Ibis ligament, so that palmar- 
flexion is prevented. 

Group B includes the rest of the cases: (nos. 1, 2 and 0). 
Here there is good range of all movements at the wrist. Since 
it is clear that the suture site cannot pass through the partit- 
ions under the dorsal carpal ligament, one must assume that 
in these cases this site lies so far proximally on the extensors 
that it cither does not at all, or only with strong palmarflexion, 
come up against the upper border of the dorsal carpal liga- 
ment. 

Movements of Di(/ils 2-: 7. In cases nos. 1, 2 and (5 there was 
normal movement at the melacarpo-phalangeal joints, and 
in nos. 5 and 10 there was slight hut functionally unimportant 
reduction in the range of movement: the movement of these 
joints was not affected by the position of the wrist in these 
cases. Thus the results of the transplantation were in these 
cases good or satisfactory as far as the active extension of 
these joints was concerned. Case no. 8 also showed normal 
active movement of these joints; the particular condition in 
this case has already been discussed. 

Reduction of the range of movement in the metacarpo- 
phalangeal joints, severe enough to impair the function of the 
hand, was seen in only 2 cases (nos. *1 and t)) in which the 
joints were held in marked or maximal palmarflexion and 
showed little or no active dorsiflexion. In both cases there 
was good contraction of the transplanted flexor carpi ulnaris, 
which acted, however, nainlv, or exclusively on the wrist, and 
only slightly or not at all on the fingers. The reason for this 
is not clear to me. 

The movements at the inlcrphalangeal joints were normal, 
and clenching the fist normal or nearly normal in all the 
patients. 
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Dijnamomcfrij. The eases divided into the same 2 groups 
■with dynamoinetry as with flexion of the wrist: 

In Group A are cases nos. 4, 8. 0. 5 and 10. in whom the 
pahnarflexion of the wrist was hmiied; dynamoinetry showed 
good or fairly good power. In eases i and 5 the power of the 
operated hand nearly equalled ihat of the sound hand. The 
rest of the patients in this group showed powers varying he* 
lwccn25 and ,50 % of that of the sound hand — hut still quite 
good power. 

In Group B are cases nos. 1. 2 and C, in which the palmar* 
flexion of the wrist was good: dynamoinetry showed either 0 
or minimal power; the wrist went into maximal pahnarflexion 
at the same lime as pressure <>n the dynamometer was 
attempted. 

The “crooked finger” power w.r tested by the following 
method: the examiner and the pa lien! held their metacarpo- 
phalangeal joints extended and their interphalangcal joints 
acutely flexed, and hooked their lingers together homo- 
latcrally: by pulling the examinei conic compare the power 
with which the patient flexed the fingeis oi the operated hand 
with that of the sound hand. This poo -r depends solely on the 
flexors of the digits and is not affected, like the dynamometer 
lest, by instability of the wrist. Thus the power of the crooked 
fingers was a more direct indication of the power of the 
flexors of the digits than dynamoinetry. 

I found no difference in the crooked finger power between 
the sound and the operated hands, in any of the patients. 
Thus the reduced power registered on the dynamometer did 
not represent a reduction in the power of the flexors of the 
fingers. 

When dynamoinetry was carried out with the wrist sup- 
ported. so that the forced pahnarflexion was prevented, the 
patients of Group B registered powers of the same order as 
those of Group A. 

The difference in the dynamometer powers of the two 
groups was obviously related to the different palrnarflexions 
at the wrist. In Group A, either the suture site was fixed, or 
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it was blocked by the dorsal carpal ligament, so that palmar- 
flexion was stopped before it could interfere with the maximal 
power of the flexors of the fingers. The cases in Group B had 
no such braking mechanism, and since the transplanted flexor 
carpi ulnaris could not overcome the power of the strong 
flexors, the wrist was pulled into pahnarflexion, whereby the 
flexors of the digits in their turn lost their full power. 

The reduction of dynamometer power in the operated 
hands in Group A, compared with the sound hands, in spite 
of no difference in the power of the flexors when the power 
of the crooked fingers was tested, may perhaps he explained 
by some of the flexors’ power being used to resist the extensors, 
so that there was a corresponding reduction in their flexing 
power. 

Movements of the Thumb. In all cases the activation of the 
thumb’s abductor had a good result. In most patients the ab- 
duction of the thumb was normal or, since it was at the same 
time slightly flexed, nearly normal. Nearly all the patients had 
20° to 30° limitation of extension at the carpometacarpal 
joint, hut this did not interfere with function. In all cases, 
opposition was normal or nearly normal. 

CONCLUSION 

A comparison of the results of operation in the two groups, 
A and B, shows that the former has the advantage. The pa- 
tients of Group A have a strong grip of their working tools, 
etc., and the reduced movement at the wrist is unimportant. 
It must he mentioned that the 2 patients who have loss of 
extension of the metacarpo-phalangeal joints which interferes 
with function, belong to this group, hut there is no obvious 
causal relation between this loss of extension iind the reduced 
pahnarflexion of the wrist. The good pahnarflexion of the 
wrist in the cases of Group B is of no advantage, and the 
weakened power of the hand is a disadvantage. 

Thus the conclusion to which the study leads us is that 
at operation one must aim to produce a restricting arrange- 
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r““ of the wrist - P«i-wv u v„i i , 0 
wr V « ® ten0des,s usi "S the paralysed extensors of tL 

ist. Since cases nos. 1 and 2 have shown that suture of the 

the' method ° f the fora "™ '»"« does not hold, 

the method recommended by Perthes (0), in which the 

tendons are passed through bore-holes made in the hones 

and fixed on the opposite side should he used. If one does not 

wish to do a tenodesis, the suture site, where the tendon of 

the flexor carpi ulnaris is sutured to the tendons of extensor 

digitorum communis, should be as far distal as possible, so 

that the suture site will prevent marked pahnarflexion of the 

rist as it comes up against the dorsal carpal ligament. 


S U M M A R V 


The method used for tendon transplantation in cases of 
radial paralysis at the Orthopaedic Hospital in Arhus is de- 
scribed. The flexor carpi ulnaris is transplanted to the ex- 
tensor communis digitorum, and abduction and extension of 
the thumb is obtained by transplantation of flexor carpi 
radialis or, in some cases of palmaris Iongus, to its oblique 
muscles. In cases in which the extensors of the wrist arc not 
paralysed, these can he used to extend and abduct the thumb. 

The material consists of 8 patients. 2 of them had paralysis 
of the extensor digitorum communis and oblique muscles of 
the thumb, with preservation of the function of the extensors 
of the wrist. These have been termed “posterior interosseous 


paralyses”. The 6 remaining cases all had paralyses of nil the 
muscles innervated by the radial nerve in the forearm. They 

have been termed “radial paralyses . 

The findings at the follow-up examinations are shown in 
Table 1. Case 8 had no action in the transplanted flexor carpi 
ulnaris, and in this patient the active movements at the wns 
and metacarpal joints were assumed to be by the Hexors o 
the fingers. All the other patients had good function o 

transplanted flexor carpi ulnaris. 

Patients nos. 4 and 0 lacked active extension at the met.. 
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carpo-phalangeal joints, which impaired the function of the 
hand. In the other patients active movements of the meta- 
carpo-phalangeal joints were normal, or nearly normal. All 
the patients had normal movements of the inlerphalangeal 
joints, and could make a normal, or nearly normal, fist. 

If the movement at the wrist and the power of the hand is 
considered the cases fall into 2 groups: Group A contains pa- 
tients nos. 4, 8, 9, 5 and 10, who all showed good power when 
tested with a dynamometer, and limitation of palmarflexion 
at the wrist, probably because the suture site between the 
flexor carpi ulnaris and the extensor communis digitorum was 
so far distal on the extensor tendons that its movement was 
restricted by the dorsal carpal ligament. Group B contained 
patients nos. 1, 2 and 6, who showed good palmarflexion of 
the wrist and minimal power on dynamometry, the wrist being 
forced into palmarflexion. 

Movements of the thumb were nearly normal, and, from 
the functional point of view, wholly satisfactory. 

The operation results have on the whole been good, and 
the patients have generally been well satisfied. It is possible 
that the results can he improved if one tries to produce a firm 
tenodesis of the tendons of the extensors of the wrist, which, 
it seems, should he attached after passing them through drill- 
holes in the radius and ulna. 

RESUME 

Description d’une technique appliquee a PHopital Ortho- 
pedique d’Aarhus (Danemark) pour la transplantation des 
tendons dans les paresies radiales: L’extenseur commun des 
doigts est active par la transplantation du flechisseur cubital 
anterieur. L’extension et l’abduction du poucc est aclivec au 
moyen du grand palmaire ou, dans un cas, du petit palmaire. 
Dans les cas ou les extenseurs du poignel ne sont pas pare- 
tiques, ceux-ci peuvent elre utilises pour activer l’exlension 
el l’abduction du pouce. 

Les observations portent sur 8 maladcs: ehez deux d’entro 
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eux, H y avait paresie de Pextenscur comm„„ des doigls cl 
des extenseurs du pouce, tandis qua les extenseurs d„ „ oiwcl 
fonct.onna.ent normalement. L’anteur les designe comma', les 
« P ara| ysies profondes a. Chez les autres 6 maladcs. il y ,„i| 
paresie de tons les muscles de I’avant-bras innerves ’par Ic 
nerf radial. Elies sont indiquees conimc des « paralysies ra- 
diales proprement elites ». 

Le resultat constate tors des examens complemcntnires 
ressort du schema No. 1. Chez le maladcs No. 8, on nc trouva 
aucune fonction du flechisseur cubital anterieur transplants 
Les mouvements actifs du poignet et des articulations mela- 
carpo-phalangiennes des doigts sont supposes etre dus unique- 
ment, chez ce malade, aux flechisseurs des doigls. Chez tons 
les autres jmtients, on constata une bonne fonction du flechis- 
seur anterieur transplante. 

Chez les malades Nos. 4 et 9, on constata l’absence (In- 


tension active de l’articulation metacarpo-phalangiennc (les 
doigts. Chez les autres malades la mobilite de cetlc articula- 
tion etait norinale ou presque normale. Chez tous les malades. 
Ia mobilite des articulations inter-phalangienncs etait nor- 
male et ils pouvaient tous fermer la main norinalcmcnl ou 


presque normalement. 

Par rapport a Ia mobilite du poignet el aux forces de In 
main, ces observations peuvent etre divisees en deux grnupcs: 
Groupe A, coinprenant les malades Nos 4, 8, 9, a el 10 chez 
lesquels on constata aux mensurations du dynamometre tpie 
les forces etaient bonnes, mais qu’il y avait restriction de hi 
flexion palmaire du poignet, probablement parce quo la suture 
entre le flechisseur cubital anterieur et 1’cxlcnseur comnum 
des doigts etait placee si loin distalement sur les tendons de 
1’extenseur commun des doigls qu’elle touchail le li^.umnt 
cubital dorsal. Groupe B, coinprenant les maladcs Nos. 1. - 
et 6, chez lesquels le pouvoir de flexion palmaire etait or 
et Ia pression minimale a l’examen du dynamomclic, uu tour 
duquel le poignet est force en flexion palmaire. 

La mobilite du pouce etait presque normale cl cn lout 
absolument satisfaisante au point de vuc fonctionnel. 
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Dans l’ensemble les resultats de Foperation onl ete lions 
et les malades s’en trouvaient generalement tres salisfaits. 11 
est possible que Ton puisse ameliorer encore les resultats en 
pratiquant une tenodese solide des tendons des extenseurs du 
poignet qu’il convient probablcment d’attacher sur les os de 
Favant-bras en les faisant passer par des Irons perfores dans 
ces os. 


ZUSAMMEXFASSUXG 

Es wird eine Beschreibung der am Ortbopiidiscben Ivran- 
kenhaus zu Aarhus angewandten Technik der Sehnenlrans- 
plantation bei Radialisparese gegeben: Der Extensor digitorum 
communis wird durch eine Transplantation des Flexor carpi 
ulnaris aktiviert. Die Extension und Abduktion des Daumens 
wird mit Hilfe des Flexor carpi radialis oder in einem ver- 
einzelten Falle des Palmaris longus aktiviert. In den Fallen, 
bei denen die Extensoren des Handgelenks nicht pareliseh 
sind, konnen diese zur Aktivierung der Extension und Abduk- 
tion des Daumens verwendet werden. 

Das Material umfasst 8 Palienten; zwei von ibnen zeigten 
eine Parese des Extensor digitorum communis und des langen 
Abductors und der Ex tensoren des Daumens bei Bewahrung 
der Funktion der Extensoren des Handgelenks. Sic werden 
als „ProfundusIalimungen“ bezeichnet. Bei den iibrigen 6 
Palienten bestand eine Parese samllicher, vom Radialis inner- 
vierten Muskeln des Unterarms. Sie werden als „eigenUicbc 
Radialislalimungen“ bezeichnet. 

Das Ergcbnis der Nachunlersucbungen gebt aus Schema 1 
hervor. Bei Pat. Nr. 8 wurde keine Funktion des transplan- 
tierten Flexor carpi ulnaris gefunden. Es wird angenommen. 
dass die akliven Bewegungen im Hanwgclenk und in den 
Basalgliedern der Finger bei diesem Palienten ausschlicsslieh 
cine Funktion der Flexoren der Finger sind. Bei alien andcren 
Patl. fand man eine gute Funktion des transplanlierlen Flexor 
carpi ulnaris. 

Die Patt. Nr. 4 und 0 zeigten cinen bedeutenden und funk- 
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tionshemmenden Mangel in der aktiven Extension der Basal- 
gelenke der Finger. Bei den iibrigen Patt. war die Beweglich- 
keit der Basalgelenke normal Oder fast normal. Samtliehc Pall, 
zeigten eine normale Bewegllchkeit des Mittel- und Nugel- 
gliedes und eine normale oder fast normale Faustbildung. 

Hinsichtlich der Beweglichkeit des Handgelcnks und der 
Kraft der Hand lasst sich das Material in zwci Gruppen ein- 
teilen: Gruppe A, bestehend aus den Patt. Nr. 4, 8, 9. f> und 10. 
zeigte gute Kraft bei Dynamometermessung und cine Ein- 
schrankung der Volarflexion des Handgelcnks, wahrscheinlich 
weil die Suturstelle zwischen dem Flexor carpi ulnaris und 
dem Extensor digitorum communis so weit distal an den 
Sehnen des Extensor digitorum communis angebracbt war. 
dass sie an das Ligamentum carpi dorsale ansticss. Gruppe B, 
bestehend aus den Patt. Nr. 1, 2 und 6, zeigte eine gute Fiiliig- 
keit zur Volarflexion und minimalen Druck bei der Dynamo- 
meteruntersuchung; hierbei wurde das Handgelenk zwangs- 
niassig stark volarflektiert. 

Die Beweglichkeit des Daumens wurde fast normal und 
unter alien Umstanden funktionell vollig befriedigend befun- 
den. 

Die Operationsresultate waren im grossen und ganzen gut. 
und die Patt. waren im allgemeinen reebt zufrieden. Moglicber- 
weise lassen sich die Ergebnisse noch dadurch weiter ver- 
bessern, dass man versucht, an den Sehnen der Handgelcnks- 
extensoren eine solide Tenodese vorzunehmen, die vcrmutlich 
an den Unterarmknochen befesligt werden miissen, wobci man 
sie durch Bohrlocher fiihrt, die in diesen Knochen anzulegen 
wiiren. 
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DISCUSSION 

Langenskiold, F., Helsingfors: As a result of the war in 
Finland there have been a great number of cases of paralysis 
of the radial nerve, which could not he cured by suturing the 
nerve. In these cases Perthes’ operation, which was the sub- 
ject of the last lecture, was the treatment of choice, and many 
of the results obtained have recently been reported by Sait: Jen 
in a supplement to the Acta Chirurgica Scandinavica. In 
contrast to the lecture, however, we have found that to obtain 
a good grip it is necessary to secure dorsiflexion of the wrist 
either by fixing the extensor tendons of the wrist to the radius 
and ulna, as suggested by Perthes, or by transplanting the 
pronator teres to these tendons by Jones’ method. There is 
an exception to this rule: that is, in a paralysis affecting the 
left hand of a violinist. 



FROM ORTHOPAEDIC HOSPITAL, ARHUS. CHIEF: 


P. G. K. HESTZOX 


LAMBRINUDI’S OPERATION FOR DROP-FOOT 

HY 

P. K. K. BENTZON and J. AGERHOLM-CHRISTENSKN 

Lctmbrinudi’s ingenious operation for drop-foot has not 
gained the popularity it deserves. 

In 1927 Lambrinudi described a rather complicated “new 
operation on drop-foot”. He later developed a simplified 
method which he published in 1932. 

In 1937 Fitzgerald & Seddon reported a seric of 24 cases. 
Allthough their results were promising we have not found 
other publications on the subject apart from Hart ' s introduc- 
tion of the method to the American orthopaedic surgeons in 
1940. As to our knowledge the operation lias not been used 
in the Scandinavian countries so far we should like to intro- 
duce it now. 

“The underlying idea’*, Lambrinudi writes, “is a combina- 
tion of two time-honoured general principles of orthopaedic 
surgery. I. the best method to stabilize a joint without ankylos- 
ing it is to allow it to lock in a normal manner. II. removal of 
a wedge at the right side is often the best way to correct a 
bony deformity”. 

The principle of Lambrinudi’s “method of correcting an 
equinus deformity at the sub-astragalar joint” is, when the 
foot is in complete equinus the posterior tubercle of the talus 
abuts against the tibia and the fool cannot drop further. 
Therefore with the talus kept in this position and the sub- 
laloid part of the foot lifted up into a desired position the 
discomfort of a drop-foot is eliminated and still some im- 
polanl movements in the ankle-joint arc preserved. 
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The surgical procedure is showen in fig. 1: an atypical 
triple-arthrodesis is performed by removing a wedge of the 
talus and the shaped anterior “beak” of the talus is locked 
into a horizontal notch in the naviculare hone. 

Fig. 2 shows radiograph of the foot immediately after 
operation. 

It is most advisable to take a preoperalivc radiograph of 




Figs, i a and b 

illustrate the idea of Lambrinudi’s operation on drop-foot. 

Fig. 1 a: 

the foot is fully plantar flexed. The posterior tubercle of the talus abuts 
against the tibia. The stippled lines indicate how much of the bones 
should be removed to obtain the desired position of the foot, which is 

shown in fig. 1 b. 

the foot in complete equinus in order to estimate the size and 
shape of the talar wedge to he removed. 

Lambrinucli devised his operation for a drop-foot with an 
active calf muscle. But as Fitzgerald & Scddon have pointed 
out it is also of value in the treatment of a flail fool, of the 
equinus-foot of hemiplegia where the muscles arc in im- 
balance and of “old" club-feet where incongruence of the 
articular surfaces of the ankle-joint makes it difficulty or 
impossibly to tilt the talus hack into its normal position. The 


8 Acta orthopaedlca, Vol. XIX. 1 
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operation might be unwise with some shortness of Ihe ex- 
tremity and if the patient still has to wear long supporting 
irones due to other muscle paralysis. 

Since 1945 the operation has been performed on 23 feet 
at Orthopaedic Hospital, Arhus. 





■Fig- 2 

shows the condition immediately after operation. The calculated wecljtc 
of the talus has been removed, and the beak-shaped anterior part has 
been locked into a slot in the navicular hone. The join surfaces between 
the os cnlcis and the astrafiulus and between the os calcis and the cuboid 

hone have been removed. 

The 23 feet were: 14 of poliomyelitic paralysis (12 with 
drop-foot and an active calf muscle, 2 with a flail Tool). 2 of 
lesions of the peroneal nerve. 1 of spastic hemiplegia, -1 of 
“old” club feet, 2 of equinus deformities (1 of muscular 
dystrofi and 1 of acrocalcinosis of the skin and subculis). 

The youngest patient was 12 years old, the oldest 39 years. 

The post-operative course was un-eventfull apart from one 
case, a 39-years old female polio-case who bad a menial 
disturbance treated in a lunatic asylum. She developed a "post- 
trauinatic dystrofi". 
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In all other cases radiographs showed sound fusion within 
3-4 months. 

We believe it is fair to say that when the operation had 
been done with the correct technic the intended results were 
obtained: the foot did not drop and some movement was 



Fig. 3 

shows superimposed radiographs of ihc foot before and after operation 
to illustrate how the foot is “lifted" at the sub-taloid joints. 


retained at the ankle-joint. Fig. 3 shows x-rays before and 
after the operation. 

3 patients had still too much equinus. The method can 
not he blamed. The surgeon had obviously not removed tin 
adequate wedge of the talus. This should he avoided by a 
study of the radiograph. 

It is too early to give any final results. But our experience 
agree with those of Fitzgerald &. Scddon . that this method is 
superior to other operations ns pan-laloid arthrodesis, teno- 
desis and boneblock operations when used on sound indica- 
tions and with the correct technic. 


8 * 
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It remains to be seen how the ankle-joint will resist a 
continued strain. An osteoarthritis may develop and may be 
some cases with a better defined posterior tubercle of the talus 
will show a more lasting good result. 

S U M M A It v 

Lambrinudi ’ s operation for drop-foot is described. Since 
1945 the method lias been used on 23 feel: 14 with sequelae 
of poliomyelitis, 2 with lesions of the peroneal nerve. 1 with 
a spastic hemiparesis, 4 with “old” club-feet, and 2 with 
equinus deformities. The preliminary results are promising. 


R I-: S U M e 

II est question de 1’operation de Lambrinudi pour le „drop- 
foot“. Depuis 1945, cette operation a etc pratiquee sur 23 
pieds: 14 souffrant des suites de polimyelile, 2 avec. lesion du 
nerf peronier, 1 avec liemiparesie spastique, 3 avec pied-bot 
de longue date et 2 avec deformite de la pointe du pied. Les 
resultats provisoireinent ohtenus sont promctlcurs. 

ZUSA M M E X F A S S U X G 

Es wird iiber die Lambrinudi ' sche Operation bci ., drop- 
fool" herichtet. Die Operation wurde scit 1915 an 23 Eiisscn 
ausgefiihrt; 14 init Folgen einer Poliomyelitis, 2 mit ciner 
Elision des N. peronaeus. 1 mil Hemiparesis spastica. 1 mit 
alien Ivlumpftissen und 2 mit Spilzfussdeformilaten. Die vor- 
laufigen Ergebnisse sind giinslig. 


R E F E It E X C E S 

Lambrinudi, C.: Proc. Roy. Soc. Med. 2G. 788. 1932. 
Fitzfiernld, F. P. & Sediion . II. J.: Brit. J. Surfr 23. 283. 1937. 
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ON OSTEOSYNTHESIS IN THE TREATMENT OF PSEUD- 
ARTHROSIS OF THE FEMORAL NECK 

UY 

SOPHUS VOX ROSEN, 

Malmo. 

Pseudarthrosis of the neck of the femur has become much 
less common, since nailing became the usual method of treat- 
ment of fractures of the femoral neck. In its place, necrosis 
of the head has received increasing attention as the most 
common of the undesirable sequelae of these fractures. Pseud- 
arthrosis is, however, still a problem which demands attention 
and definite treatment. Sub- or intertrochanteric osteotomy is 
the most widely used treatment, but even though its results 
are often satisfactory, one may occasionally see cases in which 
it is tempting to aim at a better anatomical and functional 
result. The treatment is usually an osteosynthesis with either 
some kind of nail or screw or with an inlay hone graft. 
Waison-Jones discusses this treatment in his “Fractures and 
Joint Injuries”. He appears to reserve nailing, with or without 
simultaneous hone-grafting, for those cases in which there 
is delayed consolidation without significant displacement and 
with minimal shortening of the neck. 

Dohlcr does not quite agree. He says that he operated one 
of his 28 cases 22 years after the fracture. He recominandcd 
reduction of the fracture by pin traction, and later on nailing. 
He does not use hone-grafting, which he regards as useless. 
His enthusiasm for the results is expressed in the following 
words: “die Pseudarthrose des Sclienkelhalses ist also nicht 
wic man lusher allgemein glauble (lurch Bosarligkeit sondern 
(lurch besonderc Gutarligkeil ausgczeichnet". These words 
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scam to be received with reservation even though the two cases 
I describe might he regarded as confirming them; actually one 
of the cases had considerable resorption of the neck and com- 
plete displacement, which Bohlcr considers to he a contra- 
indication to nailing. 



Fig. 3. 

Case 1. 7 months after nailing; nail replaced by bone graft. 

Case 1 was a woman, aged 60 years, who had a high 
fracture of the femoral neck in March 1040. The fracture was 
reduced and immobilised with plaster elsewhere. The radio- 
graph taken after the reduction showed a good position, hut 
unfortunately only an antero-posterior view had been taken. 
She was discharged from hospital 'S 1 /* months after the frac- 
ture, walking with a stick. I saw her 1 V> years after the 
accident, when she was complaining of increasing difficulty 
in walking. Radiography showed pscudarlhrosis with external 
rotation of the lower fragment. (See Fig. 1). I decided to 
attempt reduction and nailing. At operation, inversion of the 
thigh to reduce the fracture caused a spiral fracture of the 
shaft. The operation was continued. When the trochanteric 



120 


V. ROSEN 


region was exposed, movement could he felt at the pseud, 
arthrosis. (The fracture of the diaphysis was explained by the 
softness of the femur; the cortex could easily he pierced with 
a blunt instrument). A nail was hammered through the pseud- 
arthrosis in good position (see Fig. 2). In view of the fracture 
of the shaft, traction was applied by means of a pin through 



Fig. 

Case 1. 5 years after operation. 

the lower end of the femur. 2M> months after operation the 
fracture of the shaft was united, and the pseudarthrosis 
appeared to he uniting. 5 months after operation the nail, 
which was loosend was replaced, as a precaution, by a graft 
from the tibia. 7 months after operation the patient was dis- 
charged from hospital. On examination a year later she could 
walk both up and down stairs. There was practically full 
range of active movement at the knee: at the hi]), there was 
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Case 2. Woman, aged 63 years, 11 months after injury. 
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Fig. G. 

Case 2. After reduction by traction. 
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Fig. 7. 

Case 2. G months after operation (nailing and bone grafting). 



\ 


Fi;i. 8. 

Case 2. 2 years after operation. 
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60’ flexion, 20’ abduction, 30’ adduction; 1 cm. shortening. 
No limp on walking (sec Fig. 3). 5 years later the patient 
had further improved. She could go for long walks and had 
no pain. (See Fig. 4). 

Case 2 was a woman aged 63 years. She had a high fracture 
of the R. femoral neck in February 1046. The fracture was 
reduced and immobilised in plaster elsewhere. 2 months later, 
the plaster was removed, and she was discharged from hospital 
4 months after admission, walking with two sticks. She could 
not raise the lower limb with extended knee while lying on 
her hack. I saw her in January 1947, 11 months after the 
accident. There was external rotation and shortening. She still 
walked with two sticks. Radiography showed pseudarthrosis 
with resorption of the neck. (Sec Fig. 5). Operation was re- 
commended and was accepted 1 month later. A 4 kg. plaster 
traction was applied, and 2 weeks later there was a surpris- 
ingly good reduction, though there was considerable separa- 
tion between the ends, due to the resorption. (Sec Fig. 6). At 
operation osteosynthesis with a pin and two hone-grafts was 
done, the grafts being inserted into tracks prepared by drilling. 
After operation the patient was left free in bed. 2 y /z months 
after operation radiography showed beginning callus forma- 
tion. There was approximation of the fracture ends so that 
both the nail and the grafts lay partly outside the corlicalis. 
(See Fig. 7). 6 months after operation there was good callus 
formation. She began to walk with the help of a chair, and 
was discharged a month later, walking with two sticks. The 
nail became loose, and was removed in May 3 048. At her 
latest examination, nearly 2 years after operation there was 
good union (see Fig. 8), hut definite signs of necrosis of the 
head. The patient preferred to walk with a stick. Flexion at 
the hip: 110’, abduction, 20’; adduction 30’. No pain. 

The last case is of special theoretical interest, because the 
neck has been reformed by rcplacmcnt in the gap between the 
two ends of the pseudarthrosis. Thus one may. in some cases, 
agree with BOhler about “liesondere Gulartigkeil". The latest 
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radiograph, however, shows, as already mentioned, clear signs 
of necrosis of the head. It is not yet possible to say how far 
this may adversely affect the future condition, hut some de- 
terioration is by no means impossible. 

S U M MARY 

The author describes two cases of pseudarthrosis of the 
femoral neck, treated in one case by nailing and in the other 
by nailing and bone-grafting. The former case was operated 
1M> years, the latter 1 year after the fracture. Thelalter case 
is particularly interesting, both because the fracture could he 
reduced, and because a new femoral neck was formed by 
filling up the space between the two ends at the pseudarthrosis. 


R E S U M E 

L’auteur decrit deux cas de pseudarthrosc du col femoral 
traites l’un par enchevillement, l’autre par cnchevillemcnl et 
greffe osseuse. Le premier cas a ele opere un an et demi apres 
la fracture, le deuxieme un an apres 1’accident. Le dernier cas 
est particulierement interessant, a la fois parce qu’il a etc pos- 
sible d’obtenir la reduction de la fracture cl parce qu’un nou- 
veau col femoral a etc reforme en remplissanl l’espacc soparanl 
les deux bouts, a l’endroit de la pseudarthrosc. 


ZUSA M M EXFASS V N G 

Verfasser heschreibt zwei Falle von Pseudarthrosis colli 
femoris, die mit Osteosynthese mil Nagel, bezw. mil Nagel 
und Knochenlransplanlat hehandclt warden. Dcr cine ball 
wurde \Yz Jahre, der andere 1 Jahr nach clem Unfall opcrierl. 
Der letzte Fall ist von besonderem Interesse, cinesteils veil 
man die Fraklur (die Pseudarthrosc) reponicren konnte. an- 
derenteils weil durch Ausfiillung der Diastase zwi.se hen den 
Pseudarlhrosenenden ein neues Collum femoris gcbildel wunlc. 


disc r s s i o N 

Wibery, Silfverskibld, Thomascn. He.nlznn, Slbrcti. 



FROM THE COAST HOSPITAL AT STAVERX, NORWAY 
CHIEF SURGEON: //. STOREX 


A CONTRIBUTION TO THE TREATMENT OF PSEUD- 
ARTHROSIS OF THE FEMORAL NECK 

BY 

H. STOREX 

Pseudartlirosis of the neck of the femur is a relatively 
frequent complication. In a rather extensive series of in- 
vestigations instituted by the American Academy of Ortho- 
paedic Surgery, Campbell and Smith found its frequency to 
he 10 per cent in a material consisting of early and excellently 
treated fractures of the femoral neck. 

From the point of view of treatment, pseudartlirosis of 
the femoral neck may be divided into the following 'S groups: 

Group I. Pseudartlirosis where the vitality of the head is 
impaired, or where its mobility in the acetabulum is lost, as 
the result either of prolonged pseudartlirosis or of severe 
arthrosis. 

Group II. Pseudartlirosis with marked upwards displace- 
ment, often accompanied by extensive resorption of the neck. 

Group III. Pseudartlirosis in which both upward displace- 
ment and resorption are less marked. It is for this latter group, 
which is probably the most common, that the method de- 
scribed here is intended. 

The operations which have been adopted for this group arc: 

1. Osteosynthesis: Nailing must be objected to. since in 
most of the cases it has already been employed, and. except 
in cases where the original nailing was unsatisfactory, it is 
not likely to yield any belter results under the far less favour- 
able conditions in the pseudartlirosis stage. The combination 
of nailing with hone-grafting, as we have seen done recently 
hv Von Itoscn with very good results, is a different matter. 
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a. The canal and the side parts of the pscudarthrotic space filled up with 


spongiosa hone-substance. 

b. Operation concluded. Distel fragment shifted somewhat medially. 


2. Bone-grafiing with or without osteotomy. I have used 
libial grafts — (marrow, corticalis, and periosteum) driven 
though holes drilled in the trochanter, up through the neck 
into the head combined with subtrochanteric osteotomy 
sometimes with and sometimes without good results. Sub- 
trochanteric osteotomy is unsuitable for cases of pseud- 
arthrosis in which there is considerable upwards displace- 
ment, since it leads to increased deviation at the pscud- 
arlhrosis. 

3. Reich's intertrochanteric osteotomy with medial dis- 
placement of the distal fragment. The object is not onl> 1" 
cause pressure in the line of the axis of the hone, but also 
to ensure that the distal fragment is in direct contact villi 
the fracture surface of the head. 




fracture of the femora! neck with table at end of operation. lion. The patient had been exereis 

pseudarthrosis. Kirsehner wire ing the joint freely for If weeks, 

inserted for exploration. 
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The percentage of successful results from this operation 
was about 80 per cent, hut in 25 % of these the union was 
fibrous. In 20 per cent of all Ihe cases the result ivas not pood. 

h. Bracket’s operation has been used for several years at 
the Mayo Clinic. In this operation the ends of the fracture 
are exposed and trimmed, the neck is fixed into a cavity pre- 
pared in the head, and the greater trochanter is chiselled off 
and re-attached more distally. A vitallium screw has been 
used for fixing both the trochanter and the head, in recent 
years at the Mayo Clinic. 

The results obtained from this operation at the Mayo 
Clinic were good in 90 per cent of the cases. 

The procedure must, however, greatly endanger the blood 
supply of the head — and I cannot find any published in- 
vestigations on the condition of the head after these opera- 
tions. 

Most anatomical studies have shown that in adults the 
head is nourished mainly by the vessels running through the 
visceral part of the capsule, and passing into the edge of the 
cartilage through numerous vasa nutritia. In about 30 per cent 
of the cases little or no blood supply passes through the lign- 
in cn turn teres. 

The method which I shall describe here consists in: 1) the 
removal of as much of the pseudarthrosis tissue as possible, 
2) grafting of spongy hone, 3) intertrochanteric osteotomy. 

The method: A Kirschncr wire is inserted to determine 
the site and direction of the canal to the mode. A track as 
wide as an index finger is chiselled through the trochanter 
into the pseudarthrosis, and the connective tissue and fibrous 
cartilage is excised with a knife and gouge as far out to the 
sides as possible. The bony tissue is chiselled off and scraped 
out (with a small sharp spoon bent at an angle) an each side 
of the pseudarthrosis and as far out to sides as possible. It 
is surprising how easily the pseudarthrosis can he directly 
inspected, since there is little haemorrhage if one keeps to 
the midline. The canal is then prolonged for a suitable distance 
into the head spongy hone (which is obtained in abundance 
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from the trochanter) is packed well out to the sides of the 
pseudarthrosis ; a graft which has been taken from the iliac 
crest and from which the corticalis has been removed is driven 
into the canal; and finally an osteotomy is made just at the 
lower corner of the neck (Fig. 1 a). It is usually necessary 
to remove a wedge of hone to make the angle of the neck 
sufficiently wide. The distal fragment is shifted medially so 
as to force the fracture surface of the head as much as 
possible into a horizontal plane (Fig. 1b). 

When the osteotomy has united after 8 to 10 weeks, the 
patient is allowed to stand up and put full weight on the limb. 
Weightbearing in the correct position promotes union. 

The pseudarthroses were found to he up to 1 cm. thick, 
and consisted of lough connective tissue resembling capsule. 
In one case synovial membrane was also found; it was greatly 
thickened. In this case there was a considerable upward 
displacement. 

The main points in this method are the extensive removal 
of the connective tissue of the pseudarthrosis and exposure 
of the spongy bone on either side, the subsequent filling of the 
space with spongy hone and the insertion of a graft of spongy 
hone through the neck into the head, and finally inter- 
trochanteric osteotomy to secure a favourable angle of the 
neck. 

Simple packing with chips of bone cannot give such 
favourable conditions for union, since there is only a small 
perforation into the tissue of the pseudarthrosis, correspond- 
ing to the size of the piece of bone. On the other hand the 
pseudarthrosis is a wide gap filled with connective tissue 
intertrochanteric osteotomy alone cannot be expected to bring 
about union in spite of the improved direction of pressure. 
This has been shown hv follow-up examination: 20 per cent 
of cases with non-union, and 25 per cent of the remainer with 
only fibrous union. 

Recently I have used this method combined with corrective 
osteotomy to obtain arthrodesis. After S weeks the patient 
was allowed up in plaster, and after 12 weeks radiography 
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showed apparent honv ankylosis. Theoretically, however, this 
was too early for complete consolidation, so I kept the patient 
in plaster for a further period. When there is severe con- 
tracture this method is easier to do than the usual intra- 
articular arthrodesis. 1 

So far I have only done this operation for pseudarlhrosis 
of the femoral neck in 4 cases and the latest of these is too 
recent for assessment; to that this paper must he regarded as 
only a preliminary report. I should, however, he glad if any- 
one who has a large number of pseudarlhrosis cases than I 
have had would try the method. Certainly technical improve- 
ments will he possible. For instance it could he adapted to 
cases where there is marked upward displacement, reduction 
being performed after temporary removal of the greater 
trochanter. This has not as yet been necessary in any of my 
own cases. 


SUM M A R Y 

The author distinguishes between: 

1. Psoudarthroses where the nutrition of the head is impaired, 
or movement of the head in the acetabulum must he 
considered lost. 

2. Pscudarlh roses with marked displacement, often combined 
with marked resorption of the neck. 

3. The most common form of pseudarlhrosis, in which the 
displacement and the resorption of the neck are less 
marked. 

He discusses the most common operations for the two 
last types. Of these, Reich's osteotomy fails in 20 % of cases: 
Rrachet’s operation has satisfactory early results in Oft /'< 
hut. as far as the author can find, no late follow-up investiga- 
tions have been made with a view to the possibility of necrosis 

1 Since this paper was written, the author lias clone three more fusion 
amt correcting operations, also one operation of psemlarthrosis, asms 
the same method. The follow-op investigations have shown good results 
in every ease, after a further six months (eighteen months for the fird 
ease ) . 
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of the head. Further, Brachet’s operation must he regarded 
as dangerous to the nutrition of the head in view of the 
considerable chance of damaging the already damaged capsular 
vessels. 

The author’s method is the following: a canal the width 
of a finger is chiselled out from the greater trochanter through 
the centre of the neck into the pseudarlhrosis: from here, as 
much connective tissue as possible is removed through the 
canal, and the canal is carried on into the head. The line of 
the pseudarlhrosis is packed out to both sides with spongiosa 
tissue from the iliac crest, and a spongiosa hone graft is 
driven into the canal and up into the head. Finally an inter- 
trochanteric osteotomy is made, the distal fragment being 
displaced medially against the pseudarlhrosis surface of the 
head as in a Reich’s osteotomy. The author has also used this 
method for arthrodeses in cases with severe faulty positions. 
The method is a simpler and less severe operation than an 
intra-articular arthrodesis which improves the position, and 
seems, so far, to he no less effective. 


R E S U M E 

L’autcur distingue cnlre 

1) pscudarthroses dans lesqucllcs la vivifiealion de la tete 
femoralc esl compromise ou sa mobilite dans la capsule 
articulaire prntiquement supprimec, 

2) pseudarthroscs avee deplacement prononce, souvent ac- 
compagne d’une forte resorption du col femoral, 

3) pscudarthroses ou la resorption du col Ic displacement sonl 
moins prononces, ecs dernieres elant la forme la plus 
coinmunemcnl ohservee. 

II mcnlionne les operations les plus couranles appliquees 
a ces deux dernieres formes. L’osteolomie de Reich esl defi- 
ciente dans 20 % des cas. L’operalion de Brachet donne dcs 
resultats favorahles dans 90 % des cas. mais i! n’exisle pas. 
a la connaissance de hauteur, de complcs-rendus d’examens 
complementaires par rapport notammenl aux necroses de la 
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tele femorale. Etant donne qu'il est difficile, dans l’operation 
de Brachet, d’eviter la lesion des vaisseaux de la capsule donl 
l’etat est deja souvent coinproinis, il faut considercr quo 
celle-ci est dangereuse en ce qui concerne la vivificalion de 
la tete femorale. 

La methode preconisec par hauteur eonsistc a evidcr un 
canal de la grosseur d’un doigt du trochanter niajcur. par la 
partie ccntrale du col femoral et jusqu’a la fente de la pseud- 
arlhrosc. Le canal traverse dans la plus grande elendue pos- 
sible les tissus conjonctifs. II penetre un peu dans la tele 
femorale. Les deux exlremites de la fente de la pseudarthrose 
sonl reconverts de tissu conjonctif spongieux. Unc greffe 
osscuse d’os iliaque est ensuite enchevillee dans Ie canal el 
la tele femorale. On pratique alors une osleotomie inlcr- 
trochanterale cn deplagant le fragment distal medialcmcnl 
vers la surface de la pseudarthrose de la tete, connne dans 
l’osteotomic de Reich. L’aulcur a egalcmcnl applique cctte 
methode dans les arthrodeses oil la position vicicuse est torle- 
ment acccnluee. Avec un peu de pratique, eellc methode est 
plus simple et inoins radicale que les arthrodeses intra-arli- 
culaires de rcdressemcnl cl ne semhle ]>as jusqu’ici avoir ele 
inoins cfficace. 


Z U S A M M E X F A S S U X G 

Verfasser unlcrscheidcl zwischcn: 

1. Pscudarthrosen, hei denen die Erniihrnng des Caput 
in Mitlcidenschafl ge/.ogen isl oder die Bcwcglichkeit des 
Caput im Acclahuluin als aufgehohen angcschen werden muss. 

2. Pscudarthrosen mil schwcrer Aufwarlsverschicbung. nfl 
von eincr sell we re n Resorption des Collum hcgleilet. 

3. Die gcwohnlichsle Form von Pscudarthrosen, wo dii 
Collumresorplion und die Aufwarlsversehiehung weniger aus- 
gesproehen sind. 

ICr hespridit die gcwbhnlichslen Opcralionen hei den hei- 
den Ielzten I'ormen. 
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Unter dicsen versagt die Reich’schc Osteolomic in 20 % 
der Falle. 

Die Brackct’sche Operation gibl in 90 % der Falle ein 
unmittelbar giinstiges Ergebnis, es liegen aber, soweil Ver- 
fasscr bekannl, fiir diesc Operation keine spalcren Nachunlcr- 
suchungen im Hinblick auf eine Caputnekrose vor. Und die 
Bracket’sche Operation muss wegen der grossen Gcfahr ciner 
Liision der Kapselgefasse, die schon im voraus oft in Mit- 
leidenschaft gezogen sind, als fiir die Ernahrung des Caput 
gefahrlich angeschen werden. 

Die Mcthodc des Vcrfassers bestchl in der Ausmeisselung 
eincs fingerdicken Kanals voin Trochanter major durch die 
Miltelpartic des Collum zur Pseudarlhroscnspallc hinein. De- 
ren Bindegewebe wird durch den Kanal in grdsslrnoglichem 
Umfange herausgeschnitlen. Man arbeilet sich weiler ein 
Stuck in das Caput hinein. 

Die Pseudarthroscnspalle wird zu beiden Seilcn mit spon- 
giosem Knochengewebe angcfiillt. Dann wird eine Cristaspangc 
in den Kanal und in das Caput hineingcsto])ft. Hicrauf wird 
eine interlrochanlare Osteolomic vorgenommen, bei der das 
distale Fragment medialwarls gegen die Pscudarthrosenflaclic 
des Caput verschoben wird wic bei der Bcicb’schcn Osteo- 
tomie. Diese Mcthodc hat Vcrfasscr auch bei Arthrodcsen an- 
gewandt, wo starke Fehlstellungcn vorlagcn. Die Mcthodc 1st 
bei enlsprcchendcr Uebung cinfacher und weniger cingreifcnd 
als ein c stellungsvcrbcsscrnde inlraarlikularc Arthrodese und 
erscheint bislier nichl weniger effektiv. 


DISCUSSION 

Wibcrg, Silfverskwhi, Thomason, Bcnlzon, Slorc.n. 



FROM THE ORTHOPAEDIC HOSPITAL, II DEPT., COPEXIIAGES 
CHIEF: SVEX KIAiR, DR. MED. 


ON DENIS BROWNE’S TREATMENT OF CLUB-FOOT 


IlY 

JOH. AGEKHOLM-CHRISTEN8KX 


Since Denis Browne in the ’30’s advocated his treatment of 
congenital cluhfool his method has been most popular in 
Great Britain, though it does not seem to he used much on 
the European continent. 

Verbrugge introduced the method into Belgium in Novem- 
ber ’46 and in June ’47. Mariquc & Steenbruggen reported that 
they found the method superior to any other, although no 
Belgian results have been published. 

Lcvcuf & Bertrand have this year written that the method 
is very little known in France but is very interesting. 

The method was introduced into U.S.A. by Thompson in 
1642. He modified the splint and avoided manipulations. He 
claims excellent results in all but one of 60 cases. American 
orthopaedists have mainly used modified forms of the treat- 
ment. In 1643 Jergeson had treated 52 cases with good results. 
In 1644 Bell & Grice published 46 cases, 11 excellent, 26 good, 
and 6 fair, and in 1646 Blumenf eld, Kaplan & Ilicks gnu* a 
detailed report of 41 cases. Of these Va had excellent results. 
V-t had a slight adduction deformity but were otherwise good, 
while the rest had other minor incomplete corrections. 

Unfortunately Denis Browne has not published his follow- 
up results but he claims to he able to correct any simph 
club-foot and to restore at the same time the muscle function, 
if treatment is begun early enough. He has abandoned teno- 
tomies. 




DENIS BROWNEs TREATMENT OF CUT FOOT 


1 RA 

Since December ’46 I have personally treated and followed 
all new cases of early congenital club-foot, following Denis 
Browne's method and using copies of his splints. 

It is well known that the different components of a club- 
foot are intimately related. The supination, the adduction and 
the cavus components are due to sub-taloid changes, mainly 
subluxation in the talo-calcanco-naviculare joint displacing 



Photo t. 


the sub-taloid part of the fool medial to the talus, while the 
eqiunus component occurs at the ankle joint. As Brockman 
has clearly emphasised correction of one component affects 
all the others and all must be corrected before the club-foot 
is cured. 

Denis Browne prefers to correct the deformities as early as 
possible without anaesthesia, preferably at one session, and 
concentrating mainly on the adduction deformity. The fool 
is then fixed to the splint (see photo 1) with adhesive plaster, 
and with a piece of felt under the outer side of the forefoot. 
The other foot is fixed to another splint, without any felt if 
it is normal. The two splints are joined together by a cross 
bar, the deformed foot being strongly rotated outwards, a 
normal fool slightly. When the feel are fixed in this way the 
child corrects actively the foot's position by kicking and the 
muscles arc exercised. Later, usually when the child is about 
6 months old, the flexible and corrected foot is fitted with a 
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night splint (see photo 2) to maintain the correction. The 
splint may be used for many months. 

This plan lias been followed and all patients are now 
treated as out-patients. 

Treatment was begun in 35 cases, but discontinued in 5 
cases for reasons not concerning the D.B. method. 

30 cases, 21 hoys and 9 girls, are still under treatment: 



i 

i 


Plwlo 2. 

-15 feet, 8 right, 7 left, 15 bilateral. Most patients were brought 
for treatment within the first 2-3 weeks, a few between the 
7lh and lOlli weeks. All degrees of severity were represented. 

After 18 months experience we have studied the pre- 
liminary results. All feel have been examined by the author 
both clinically and radiographically. A good clinical result is 
claimed when the foot is flexible, easily brought into prona- 
tion, abduction and 30-60 degrees dorsi flexion and there is 
active overcorrcction. Radiographically the foot is considered 
good when the radiograph is normal in the dorsoplantai 
projection. 

I'lie preliminary results were as follows: 
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Clinically good results: 40 feel, normal radiographs in 33, 
unsalisfaciory radiographs in 7 

(in 5 of these 7 the radiographs showed slight adduction of the fore foot, 
in the remaining two the angle between the axes of the talus and 
calcaneus was not quite wide enough). 

Clinically unsalisfaciory results in 5 feel, normal radio- 
graphs in 2, unsalisfaciory radiographs in 3. 

(Of the 2 patients with normal radiographs one had had a severe 
icterus neonatorum with a haemorrhagic tendency and radiographic signs 
of subperiostal haemorrhage of both femurs and tibiae. The right fool was 
well corrected hut active dorsiflexion was not yet satisfactory, although 
still improving. The other had a dorsiflexion of only 05 degrees. 

The 3 with unsatisfactory clinical and radiographic results were: 
one, a debilatcd child, has a passively easily overcorrected foot, hut 
holds the fore-foot in slight adduction; one, whose mother discontinued 
the treatment for 4 months at a time when the foot was fully corrected, 
has a dorsiflexion of SO degrees and radiographically slight adduction 
and slightly reduced angle between the axes of talus and calcaneus; and 
one with a troublesome foot complicated by syndactylies of the toes, 
obviously not a simple club-foot: it is still not quite flexible, dorsi- 
flexion is only 70 degrees, radiographs sliowe some adduction and too 
narrow an angle between the talus and calcaneus.) 

The latest radiographs of each case were shown. 


Again I wish to underline that these are of course only 
preliminary results, hut they have impressed all of us who 
have followed the cases. We believe that Denis Browne's 
treatment seems to he superior to other methods which have 
been used in this hospital. The final results can naturally not 
he seen for the first 4-5 years, hut one thing may he stressed: 
so far it has not been necessary to do a single elongation of 
the Achilles tendon though in earlier treatment this was a 
very frequent procedure. 


S U M M A R Y 

After a brief review of the published results of Denis 
Browne’s method of treating clubfoot, the preliminary results 
of 18 months’ experience with this method are presented. 30 
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children have been treated: 21 hoys and 9 girls, comprising 
45 feet: 8 right, 7 left and 15 bilateral. In most cases the treat- 
ment was begun within the first 2 to 3 weeks of life, a few 
between the 7th and 10th weeks. All degrees of severity were 
included. The feel have been followed both clinically ami 
radiographically. 40 feet are good clinically, of these the 
radiographs are normal in 33 and nearly normal in 7. 5 feel 
are not wholly satisfactory clinically, and of these the radio- 
graphs are normal in 2 and not satisfactory in 3. The treat- 
ment seems to be better than other methods used in this 
hospital. It is especially notable that it has not been necessary 
to lengthen the Achilles tendon in any case. The final results 
will be interesting. 


RES U M E 

Apres un court aper^u des resultats de Denis Browne 
publics jusqu’ici sur le Iraitcmenl du pied hot. expose des resul- 
tats primaircs provisoires observes apres 18 mois d’experiencc. 
Le traitement a etc pratique d’apres la melhode de Denis 
Browne chez 30 enfants: 21 gargons et 9 fillettes, sur 45 pieds 
cn lout. Dans 8 cas. il s’agissait du pied droit, dans 7 du pied 
gauche et dans 15 le pied hot elait bilateral. Pour la pluparl 
des enfants le traitement a ele instaure dans les 2-3eme seniai- 
ncs, chez quclqucs-uns dans les 7-10einc semaines apres la 
naissance. Ccs cas comporlaient tous les degres de gravile. Les 
pieds out etc suivis ensuite cliniquement cl radiologiquement: 
40 pieds elaienl bons au point de vue clinique, avec des trou- 
vailles radiographiques normales dans 33 cas el pas tout a 
fait normales dans 7. Pas absolumenl satisfaisanls au point 
de vue clinique: 5 pieds donl 2 avec radiographics normales 
el 3 pas enlierement satisfaisantes. Ce traitement semble 
meilleur que les autres inelhodes employees par cel hopitak 
il est frappani de constalcr entre autres qu’il n’a pas etc neces- 
sairc d'allonger le tendon d'Achille dans un sent cas. 11 sera 
inleressanl de voir quels seronl les resultats finaux oblenus. 
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ZUSA M M E N F ASSUNG 

Nach eincr kurzen Uehersicht iiher die bisher veroffent- 
Iichten Ergebnisse der Denis Browne’schcn Klumpfusshchand- 
lung werden die vorlaufigcn priinarcn Ergebnisse nach 18- 
monatiger Erfahrung besprochen. Die Behandlung wurdc ad 
modum Denis Browne an 30 Kindern durchgefiibrl: 21 Ivna- 
ben und 9 Madchen, insgesamt an 45 Fiissen, bci 8 rcchts- 
seitigen, 7 linksseitigen und 15 doppelseitigen Fallen. Bci den 
moisten Kindern wurde die Behandlung in den crsten 2-3 
Wochen begonnen, bei einigen wenigcn iin Alter von 7-10 
Wochen. Alle Scbwercgrade kamen vor. Die Fiisse wurden 
klinisch und rontgenologisch nacbkontrolliert: Ivlinisch gut 
waren 40 Fiisse mit normalem Rontgenbefund in ,33 Fallen 
und nicbt ganz normalem in 7. Klinisch nicht ganz befriedi- 
gend waren: 5 Fiisse, davon 2 mit normalcn und 3 mil nicbt 
ganz befriedigendcn Rontgenbildern. Die Behandlung scbeinl 
besser zu sein als andcrc in diescm Krankcnhaus angewandte 
Methoden. Besonders auffiillig ist, dass es nicbt in cinem cin- 
zigen Fallc notig war, eine Achillessehnenverlangcrung vor- 
zunchmen. Man muss mit Interesse die Endergcbnissc ab- 
wartcn. 
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DISCUSSION 

Nilsonne , Kiivr, Thomason, Silfvcrskwhl. 

II. Sliiren (Slavcrn) : So far as I have understood from the 
paper which has just been read, Denis Browne demanded for 
a good result of the treatment of clubfoot that the atrophy 
of the leg should not exceed 1 cm. This is to demand some- 
thing which lies beyond the control of the treatment. 

I have for 8 or 10 years been treating club-foot by re- 
dressement and plaster bandaging, as soon as possible after 
birth. Often I have had cases only 1 or 2 days old. and in 
many of these the muscles of the leg were already markedly 
atrophic: this was particularly noticeable in cases of uni- 
lateral club-foot. Probably in these children the embryonic 
muscular anlagc itself has been imperfect, and no treatment 
will he likely to cure this. 

Denis Browne also stipulated that there should he complete 
correction at the first session. This is not always feasible 
even with children 1 or 2 days old. As early as this I have 
often met with very severe contracture, and complete cor- 
rection at the first attempt was not possible. Resistance to 
treatment and a tendency to relapse in these cases cannot 
he unreservedly attributed to the method by which they have 
been treated. They were unfavourable cases in the embryonic 
stage, owing, in my opinion, to defective innervation; this is. 
of course practically impossible to prove directly. 

Further, it is rather loo much to say that Denis Brownes 
treatment of clubfoot is the ideal method. I do not think that 
this can he said of any method of treatment for a disorder 
which presents as many variations as docs clubfoot. Here, as 
in so many other conditions, one must treat the cases in- 
dividually, according to their nature and to the course which 
they lake. Personally, as I have said before. I have for many 
years used redressemenl and plaster as soon as I could get 
the child for treatment. And when Thomasen in 1012 sub- 
mitted his method of redressemenl I adopted it with some 
minor modifications. I have, however, used plaster and not 
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plain bandages to keep the foot in position. The results of 
clubfoot treatment ought not to he submitted until after 8 or 
10 years. Not until then can we get some idea of the final 
result, and in many cases not even then. 

Poul Guildal (Copenhagen): Denis Browne’s method no 
doubt has certain advantages over some methods of treating 
congenital clubfoot. That good results are obtained when the 
patients are brought for treatment in their first weeks docs 
not say so very much, since one can nearly always gel quite 
good results whatever treatment one uses. It is difficult to 
judge from so short an observation period what the results 
will be in cases which arc brought for treatment later. With 
nearly all methods of treatment the primary results are good, 
but relapses do not appear until later, and there is no doubt 
that in certain cases these relapses can be very resistant and 
require treatment of both the soft and bony parts for many 
years. 

It is difficult to understand how the muscles can he belter 
preserved with Denis Browne’s method than with the usual 
plaster treatment, since the legs are if anything more firmly 
fixed than when the are free from each other. It is also difficult 
to believe that correction of the different components of a 
club-foot should he heller with this method which uses a stiff 
firm plate than with a plaster bandage which can be adapted 
to the individual components. But one cannot judge whether 
the method represents a real advance before one sees the late 
results. There is no doubt that it is technically just as diffi- 
cult as the usual manipulations and plasterings. 

Agcrholm-Christcnscn : I am afraid Dr. Sloren has mis- 
understood me. Denis Browne claims only to be able to correct 
any simple club-foot. He too knows the most resistant cases 
as we sec them in arlhrogrvphosis. He prefers to correct the 
foot in one session — if possible. I did not call it the idea! 
method, but I believe it is the best method which has been 
used in this hospital. I disagree with Dr. Guildal: it is much 
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easier to apply the Denis Browne splint than a plaster of 
Paris bandage to a baby foot. I think that the fixation of both 
feel together gives the child much more kicking exercise than 
plaster. Dr. Thomasen refers to his paper “Der angeborene 
Klumpfuss” (Acta Orth op. Scand. XII. 33. 1941). I can only 
say that the importance of correcting the inversion of the 
calcaneous has been stressed for many years (e.g. Bankart, 
Elmslie, Macftlurraij, Platt in 1920), and that the dorso-plunlar 
radiographic projection has long been used (before Wisbrnn). 
The first radiograph I showed, to day was a reproduction from 
Broclcmann’s hook published in 1930. Thomasen recommended 
in 1941 manipulations and fixation with flannel bandages. 
He had treated 7 cases which had been followed up to an 
average age of 13 months; in 3 an elongation of the Achilles 
tendon was done. I have been through the notes of 00 club 
feet treated by this technic in the Orthopaedic Hospital, Cph. 
since 1943/44. By 1947/48 44 had had an elongation of the 
Achilles tendon usually in the first year, 45 showed adductus 
and 17 varus positions. I believe the future will show that 
with Denis Browne’s treatment elongation will rarely be ne- 
cessary, and that the varus position will he corrected: but 
we may have trouble with the adductus position. The treat- 
ment does correct this position, but I am afraid that some 
children will not have sufficient muscle power to maintain 
the correction. 



FRACTURES OF THE CARPAL BONES, WITH 
PARTICULAR REFERENCES TO THE SCAPHOID 


II v 

K.JELD ANDERSEN & FREDER IK THERKELSEN 
A l T T H 0 R S’ A R S T R A C T: 

The material submitted comprises 119 cases of inlra- 
articular fractures of the scaphoid and 27 fractures of the 
other carpal hones. 

One hundred fractures of the scaphoid were followed up 
with a view to the functional result, and 9S with a view to the 
radiological result. The average follow-up period was 8.4 years. 

This study revealed the decisive importance of immobiliz- 
ing the fracture immediately after the accident. Union occur- 
red in 23 of 25 cases immobilized within a week of the accident. 

The sooner immobilization lakes place, the shorter the 
union time (minimum 16.3 weeks — maximum 94 weeks). 

When there was delayed union, drilling by Beck's method 
had a favourable effect in 4 out of 8 cases, whereas 2 cases of 
obvious pscudarlhrosis were unaffected. 

It was found that if pscudarlhrosis was already present 
when the fracture was diagnosed— in 29 cases of this material 
— union did not result, even from prolonged immobilization. 

In the writers’ opinion the main cause of delayed union 
and pscudarlhrosis formation is inadequate immobilization: 
the position of the scaphoid in both rows of bones and the 
great excursion of the fragments in movements at the wrist 
makes a very accurate and prompt immobilization necessary 
if union is to be obtained. Moreover, fractures in the proximal 
third of the hone seem to unite less readily than those in the 
distal two-thirds. 
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In the cases with union the functional result was perfect 
in 29. good in 12, and poor in 4. As to the pseudarthroses the 
result was perfect in 6, good in 22, and poor in 14. 

As regards the 18 operated cases the results correspond In 
those obtained in the pseudarthroses. 

A total of 27 cases of fractures of other carpal hones, com- 
prising separation of chips off the scaphoid, semilunar, pisi- 
form. and cuneiform, union was present in all the cases 
radiographed — and the functional results were perfect, except 
in 2 cases. Some of the cases had immobilization for a few 
weeks — others had no treatment. 

DISCUSSION 


Novotny, Bentzon, von Iioscn. 



FROM OSLO KOMMUXALE LEG EY ART 
CHIEF MEDICAL OFFICER GUXNAR JOIIXSEX, M.D. 


CONSERVATIVE TREATMENT OF CLAVICULAR 

FRACTURES 

BY 

HANS NOVOTNY, 

Oslo. 


According to Kreisingcr, more than 200 methods of treating 
clavicular fractures have been described. This fact alone 
proves that the problem of how to obtain perfect results in 
treating clavicular fractures is not a simple one to solve. 

I personally have never seen any bad results from operative 
reduction and fixation of the fracture if the foreign material 
used for the fixation is removed after consolidation of the 
fracture, hut certain complications have been described in the 
literature and undoubtedly opening a fracture situated so close 
to the large vessels and nerve trunks is not without risk of 
complications. Moreover, the presence of unresorbable matter 
so near to the surface of the skin may cause irritation. 

It is, therefore, not surprising that one often finds warn- 
ings against routine operation on clavicular fractures from the 
most experienced traumatologists, as, for example, Watson 
Jones. There will, however, always he certain clavicular frac- 
tures in which operation is necessary to avoid a decrease in 
the patient’s working capacity. In order to reduce the number 
of operations to as few as possible it is necessary to find a 
very secure conservative method of fixing the fracture. The 
main problem in the treatment of clavicular fractures, ex- 
cepting transverse fractures which may also he difficult to 
reduce, is how to fix the broken ends. 


10 Actfl orthopnedlcn. Vol. XIX, 1 
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It is said that clavicular fractures almost always unite, and 
that, even though the ends are in a bad position, at least a 
fibrous, if not a bony union takes place. This is, however, not 
completely accurate, as one does see cases without either 
fibrous or bony union and where the patient is unable to do 
heavy work or sport, until the condition is changed. Further 



Fiji. 1. 

Two preecs of cardboard, one padded, the other unpadded. 
One cottonwool-ring. The bar and the belt. 


in the clavicular fractures which eventually unite, the process 
may he so slow, if the fracture is not properly fixed, that a 
patient who earns his living by heavy work may have serious 
economic difficulties. 

To avoid such complications, I have since 1935 used a 
plaster method which I will describe here. 

In my experience, two things have prevented more ex- 
tensive use of plaster of Paris bandages in clavicular fractures. 
First, the difficulty of holding the fractured ends in position 
during the application of the plaster, and second, the diseoni- 
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fort caused to the patient by the figure-of-S bandaging usually 
recommended, which compresses and constricts the axilko. 
I have tried to overcome these disadvantages liy the technique 
described below. 



Fig. 7. Fig. S. 

Showing hands meet- Back view. 

in'jTin front. 



Fig. !). 

Range of elevation 
of arms. 


Small children can usually he treated successfully by 
figure-of-S bandages of flannel. But here also one must he 
very careful to avoid constricting the axilla}. Older children 
arc treated in the same way as adults — either, in less serious 
cases by a kind of bridle bandage, which is excellent, or by 
a plaster of Paris bandage. 

A piaster bandage improves the cosmetic result in two 
ways. Firstly, it maintains the complete or partial reduction 
and prevents gradual loss of the position while the ends are 
uniting. Secondly, the callus formation is less bulky with good 
fixation. 

For the application of my bandage, one needs a fairly 
tightly hound ring of cotton wool, a bell, two oblong pieces of 
cardboard padded with cotton wool, a bar with a supporting 
plate at one end and a pressure knob at the other, and three 
long and one short plaster of Paris slabs. Two assistants are 
needed. 

The pieces of cardboard are prepared bv tearing off the 
edges so that they lose all sharpness. The cardboard should 
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not be too thick and must be pliable. The prepared pieces arc 
padded and placed over the anterior circumference of the 
shoulders so that they reach from the trapezius muscle to a 
little below the axillary fold. The large vessels and nerves in 
the axilla are thus protected against pressure from the plaster. 
At first I used only thick saddle felt under the plaster slabs 
instead of cardboard, but it failed to protect tbe axillae. 

Before reducing the fracture the ring of cotton wool is 
attached to the skin between the shoulder blades with a 
solution of mastix. The fracture is then reduced in the 
ordinary way under local anesthesia, using 10 cc of a 1 per 
cent Novocainadrenaline solution. The assistant then takes 
charge of the patient, and sits behind him, while the bar is 
placed between them, with the supporting plate against the 
assistant’s chest and the pressure knob against the padded 
ring between the patient’s shoulders. 

Now, while the assistant pulls back the patient’s shoulders 
or upper arms, using the bar as counter pressure, the surgeon 
places the cardboard on the shoulders, and passes the belt 
behind the neck, forward over the shoulders and back under 
the axillae to the assistant who now takes the two ends of 
tbe belt and pulls backwards with them instead of with the 
shoulders themselves. Then, while the fracture is held in 
correct position, the operator carries out any minor local 
corrections at the site of the fracture. The belt forces the 
patient to bend his head while the plaster is applied, and this 
position probably helps to reduce the fracture and keep it 
reduced since it relaxes the sternocleidomastoid muscle, which 
tends to displace the medial fragment slightly upwards. 

When the patient's position is satisfactory, the first plaster 
slab is placed round the thorax below the nipples. The other 
two plaster slabs should be a little longer. They are applied 
from the posterior lateral region of the circular plaster slab 
across and up the back to the front of the opposite shoulder, 
so that they cover the belt and the cardboard, and then under 
the axilla, back to be attached to the first slab. When the 
plaster slabs are passed across the hack, the knob of the bar 
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must be lifted away for an instant by another assistant, who 
first grasps the patient’s head and then the bar and presses 
them gently apart, while the first assistant slightly relaxes 
the pressure of his chest on the supporting plate. It is best 
to begin with the affected side. A depression in the plaster is 
thus produced under the knob of the bar, it does not. how- 
ever, cause any discomfort to the patient because of the padded 
ring, but exerts a light pressure between the shoulder blades 
and tends to correct the fracture. To avoid secondary displace- 
ment of the fracture a short plaster slab is placed across the 
chest to prevent approximation of the plaster loops. Finally, 
the slabs arc fixed by a few turns of plaster bandage. It is 
best to twist the slabs as they pass under the axillae, so that 
they are stronger and narrower here. The belt is now removed, 
and plaster is cut so that the patient’s hands can meet in front, 
and the plaster does not irritate. If necessary, minor cor- 
rections for the final adjustment of the plaster should be made 
in the next few days. 


S U m M A R Y 

Due to tbe fact that clavicular fractures with considerable 
displacement sometimes lake a long time to consolidate, and 
that in certain cases even a pseudarthrosis may develop, be- 
cause of insufficient immobilisation of tbe fracture by soft 
or semi-rigid adhesive tape or bridle bandages, tbe author has 
since 1035 used his own plaster of Paris bandage, which is 
mainly shaped like a shoulder bridle. 

Tbe reasons for the difficulties of using plaster of Paris 
in clavicular fractures arc discussed and their avoidance with 
the new technique is described. 

In order to immobilies the fracture while the plaster is 
being applied a bar with a supporting plate and pressure (mob 
and a belt are used. The bar is pressed between the patients 
shoulder-blades, and the same assistant who presses on the 
bar pulls the shoulders back with the belt. Padded cardboard 
is applied to protect the nerves and vessels of the axilla*. 
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R E S U M E 

En partant du fait qu’il faut souvent un temps asscz pro- 
longe pour arriver a la reduction definitive d’une fracture de 
la clavicule avec forte dislocation, soignee seulcincnt par em- 
platres inous ou demi-solides, ou avec des bandages cn forme 
de brides, et que dans certains cas il se forme mem c de la 
pseudarthi-osc, l’auteur s’est, depuis 1935, servi d’un bandage 
de platre de son modele. 

Les causes des difficultes qui surgissent en employant lc 
platre pour ces fractures ont ete discutees, et il est decrit 
comment on peut eviter ces difficultes en ayant rccours a la 
nouvelle methode. 

Le bandage conserve, en principe, la forme d’un bandage- 
bride, et on 1’applique a l’aide d’un instrument Ires simple, un 
baton en bois avec une pelote de pression et unc i)laquc de 
soutien. On se sert, en outre, d’une ceinlure. Ces deux objets 
sont employes pour la coaptation de la rupture pendant le 
platrage, un aide rentrant les epaules avec la ceinlure en pres- 
sant le baton entre les oinoplales. Pour proleger les vaisscaux 
et les nerfs de la region axillaire. on applique des plaques en 
carton, flexibles et ouatees, placees d’une manierc bien deter- 
minee. 


ZUSAM M E N F A S SUNG 

Ausgehend von der Tatsacbe, dass es in Fallen von schwerer en 
Schliisselbeinbriichen manchinal lange dauert bevor sie fesl 
werden und dass cs manchinal sogar zu Pseudarlbrosen 
liommt, wenn man nur mit weichen oder halbsteifcn Pflaster 
oder Turnisterverbanden zu fixieren sucht, hat der Yerfasscr 
scil 1935 eine cigene Methode der Gipsverbandbehandlung an- 
gewendet. Die Bandage hat im Prinzip die Form cincs Turni- 
sters. 

Die Griindc fuel* die Sclnvierigkeilen in der Yerwendung 
von Gibshandagen beim Schluesselhein-bruch sind erorlet und 
ihre Yermeidung mil der neuen Methode isl besehrieben. 

Um die Bruehenden wiili rend des Gibsens zu fixieren. 



vewendet man einen Stab mit einer Druckpelottc und ciner 
Stiitzplatte, ferner einen Giirtel. Der stab wird vom Assislen- 
ten zwischen die Schulterblatter des Patienten gedriickl, wiih- 
rend der Giirtel vom selben Assistenten beniitzt wird uin die 
Scliultern des Patienten zuriickzuziehen. Zur Beschiitzung der 
Nerven und Gefiisse in den Axillae verwendct man diinne, 
wattierte Pappendeckelscheiben. 
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FROM THE ORTHOPAEDIC CLINIC OF THE KAROUNSKA SJVIillUS . 
STOCKHOLM. CHIEF: PROFESSOR STEN FRIDERG 


THE SCALENUS ANTICUS SYNDROME 
Report of an Instructive Case. 

BY 

RAGNAR MAGNUSSON, M.D., 

Stockholm. 

The aetiology of the symptoms of brachial neuralgia which 
usually occur in the scalenus anticus syndrome has been 
variously interpreted by different writers. While some con- 
sider that the compression of the subclavian artery is the 
essential cause af the symptoms, others have stressed the 
significance of the neurological changes. Finally there is a 
third group who believe that the variety of the symptoms 
proves that vascular and neurological disturbances are present 
together. Karlen’s observations are of interest in this con- 
nection. At operation no oscillometric changes could be pro- 
duced by compressing the artery, but they could be produced 
by compressing the brachial plexus. This observation supports 
the view of Telford and Slopford that the vascular symptoms 
are caused by irritation of the sympathetic fibres in the 
brachial plexus. 

It is not yet certain whether a possible cervical rib plays a 
primary or secondarj’ role in the onset of the symptoms. Adson 
and Coffey’s investigations showed that only a small percent- 
age of their patients with cervical ribs had any symptoms 
(36 out of 303 cases). On the other hand Annerslen points out 
in a recent paper that even enlargement of the coslo-trans- 
verse process is a valuable sign in the diagnosis of scalenus 
anticus syndrome, where there are also neurological or va- 
scular symptoms in the arm. 

The procedure to be used when a cervical rib is present. 
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has been much discussed. Adson and Coffey say that the rib 
should he resected if it compresses the artery or is longer 
than f> cins. Collins. Patterson and others emphasise the im- 
portance of removing a cervical rih when there is longstand- 
ing, persistent disturbance. Wankc also considers that resec- 
tion is practically a sine qua non for a satisfactory result. On 
the other hand, cases arc described in the literature in which 
removal of the cervical rib also had no positive effect until 



Fi<j. i. 

Before operation. 


the scalenus anlicus was divided at a second operation. (Ber- 
telsmann, Thcis). 

The foregoing is intended as background to an account 
of a case who was operated on this year at the Orthopaedic 
Clinic of the Ivarolinska Sjukhus in Stockholm. It is reported 
in order to throw light both on the importance of a cervical 
rib in causing symptoms and also on the period between 
sea tenotomy and recovery. 

The patient was a woman aged 30 years (Journ. No. 
1398/48), who for 12 years had suffered from pain down the 
ulnar side of the right upper limb. At first the pain had been 
intermittent but for the last 4 years it had been continuous. 
The limb was weak and the patient could neither lift nor 
carry even light objects, partly because of the weakness and 
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partly because these actions increased the pain. The pain was 
also increased by turning her head to the right. Examination 
showed marked atrophy of the thenar muscles, hut none of 
any other muscles (see Fig. 1). The reflexes were equal on 
the two sides; no sensory disturbance could he delected; 
oscillometry was the same on the two sides. The skin tempera- 
tures on the right arm and forearm were 2° lower than on 
the left side, and on the right dorsum and palm of the hand 



Fig. 2. 


they were 3° degress lower. A sweat test showed hvpcr- 
hidrosis in the ulnar area of the R. hand. Electromyography 
of the thenars, hypothcnars and inteross suggested peripheral 
motor neuron damage. Bilateral cervical ribs were shown on 
the radiographs (see Fig. 2). 

At operation a hard rather firm contracted scalenus milieus 
muscle was found. The muscle compressed the artery against 
the apex of the cervical rib. Immediately after division of the 
muscle the patient reported spontaneously a feeling of relief 
with almost complete disappearance of the pain, a feeling of 
warmth in the whole limb. The post-operative course was 
uncomplicated. 

On the day after operation the skin temperatures were the 
same on both sides. 6 weeks after operation electromyography 
showed considerable improvement, with an increase in the 
number of potentials. Oscillometry and a sweating test at 



MAGNl-SSOX 


i :>(j 

this time showed no difference between the two sides. The 
sweating test was repeated again later, and still no difference 
could he detected between the two sides. The atrophy of the 
thenar muscles was already less marked 2 weeks after the 
operation and at a recent examination it could only just he 
detected. 

In spite of considerable compression of the artery, there 
were no vascular disturbances, though there were marked 
neurological signs and symptoms. The rapid recovery was the 
most remarkable finding. Previously it has not been known 
how rapidly the repair process can act. In this case the limb 
was normal soon after the scalenotomy. The sweat tests and 
skin temperature measurements indicated a disturbance of the 
sympathetic nerve fibres. It is impossible to assess exactly how 
far the symptoms can he referred to this sympathetic distur- 
bance, but in view of the experiences of other authors — partly 
reported in the present paper — it is probable that a consider- 
able part of te symptoms were of sympathetic origin. Slight 
irritation of a peripheral nerve may cause hyperhvdrosis and 
division of the nerve to a cutaneous area will cause anhidrosis. 
The topographical distribution of the changes in the hand in 
this case can probably he explained by greater compression 
on the cranial part of the plexus. This would cause consider- 
able muscle atrophy and hypohidrosis in the radial and median 
areas and liyperhidrosis in the distribution of the ulnar nerve. 

This case agrees in these characteristics with two cases 
reported by Telford in a series of 92 scalenotomies. Ilyper- 
hidrosis was present in both cases and was interpreted by 
Telford as the result of irritation of the sympathetic fibres. 
It is very probable that symptoms arising in the sympathetic 
fibres not infrequently play a considerable part in the scalenus 
anticus syndrome. 

In addition this case demonstrates that it is not necessary 
to remove even a relatively large cervical rib to obtain 
permanent disappearance of the symptoms. 
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S U M M A R Y 

A case of scalenus anlicus syndrome in a woman aged 36 
years, who had had symptoms for 12 years is reported. 
Thorogh investigation (including electromylography, sweat- 
ing tests, etc.) showed neurological changes without any 
circulatory disturbance. At operation there was found to he 
considerable compression of the subclavian artery; a large 
cervical rib was not removed. There was marked improve- 
ment after division of the muscle and rapid regression of the 
signs. For reasons which are further discussed in the paper, 
the author considers it probable that the compression of the 
artery was not an important factor for the appearance of the 
symptoms which were caused by the compression of the nerves 
resulting in symptoms from the sympathetic nerve fibres. 


R E S l 7 M E 

Un cas de syndrome du scalenus anticus chcz une femme 
agee de 36 ans, chez laquelle des symptomes avaienl etc ob- 
serves 12 ans auparavant, est rapporte. Un examen approfondi 
(electromyographic, epreuve de la transpiration, etc.) a mon- 
tre des modifications neurologiques sans aucun trouble eircu- 
latoire. A l’operation, on trouva une Ires forte compression 
de l’artere sous-claviere; une grosse Co te cervicale n’a pas ele 
enlevee. On constata une amelioration marquee apres la divi- 
sion du muscle et une regression rapide des signes de la 
inaladie. Pour des raisons que sont discutecs d’ailleurs dans 
l’article, l’auteur considere comme probable que la compres- 
sion de l’artere n’etait pas un facteur important par ra])j)ort 
a la manifestation des symptomes qui elaient causes par la 
compression des nerfs, provoquant des symptomes du cote des 
fibres du nerf sympathique. 


ZUS A M M E X F ASSU X G 

Es wild liber einen Fall von Scalenus anterior-Svndrom 
bei einer SGjahrigen Frau berichlcl. die seit 12 Jahren Sym- 
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ptome battc. Eine grundliclie Unlersuchung (cinschlicsslioh 
Elektromyelographie, Scliwitzproben usw.) crgab neurologi- 
sclic Veranderungen olinc irgcndwclclic Zirkulationssldrun- 
gcn. Bci dcr Operation wurdc cine betraclillicbe Kompression 
der Arteria subclavia gefunden: cine grosse Halsrippc wurdc 
nicht cntfernl. Nach einer Teilung des Muskels wurdc cine 
rnerkliebe Bcsscrung und ein raseber Riickgang der Svinploine 
er/.iell. Alls Griinden, die in der vorliegenden Abhandlung 
niilier erorterl werden, halt Vcrfasser es fur wabrschcinlich. 
dass die Kompression der Arterie fur das Auflretcn der Svm- 
ptome niebt von entsebeidender Bcdeulung war, die viclmehr 
durcli cine Kompression der Nerven verursacht waren, die ztt 
Symptomcn von seiten der svmpalhischen Fascrn fiibrte. 
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FROM THE HAND DEPARTMENT OF SURGICAL CLINIC I, 
SAIILGREN HOSPITAL 


ON THE TECHNIQUE AND POSSIBILITIES OF RECON- 
STRUCTIVE HAND SURGERY 

BY 

ERIK MOBERG 

The aim of reconstructive hand surgery is naturally to 
restore the function to injured hands. The basis of the re- 
construction has been set out by Sterling Bunnell: that a 
hand with some form of sensation and prehension is belter 
than any prothesis, while, on the other hand, one which 
cannot be made to grasp with feeling is not worth retaining, 
even if it looks like a hand. The same may be applied to a 
certain extent to the different parts of the hand. 

Difficulties arise on three essential points, when it is a 
question of performing such reconstructions with positive 
results. 

1. The diagnosis. It is important to ascertain in detail 
before begining treatment which tendons are not functioning, 
and why, whether movement is restricted by skin, ligament, 
joint, or tendon, etc. These problems of diagnosis will not be 
discussed here, but it should be pointed out that they arc the 
biggest part of the problem for the hand surgeon, and it 
should be emphasised that the most frequent cause of poor 
results is incorrect or incomplete diagnosis, even by those with 
long experience. 

2. The operative technique. This must he “atraumatic”, 
which necessitates operating with delicate instruments in a 
completely bloodless field. Remains of scar tissue often im- 
pair the final result. The gliding surfaces cannot he treated 
with too great care, and every damage to their surface causes 
adheslions. Infection must be avoided, and this applies not 
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Fift. i. 

Tendon suture in progress. Note the need for a completely bloodless 
field, if a gliding function is to lie obtained. Swabs must not be used. The 
only bold of the tendon which is allowed is by forceps on its lip. which 

is later cut off. 


only io infection leading to suppuration, hut also to the 
slighter degrees, which cause only temporary redness and 
swelling. Suppuration generally makes further reconstruction 
impossible for ever, while milder infection prevents the desired 
gliding movement. Even post-operative swelling of the tissues 
must he prevented by elastic compression bandages. (Demon- 
stration of operative technique with coloured illustrations). 

3. The. planning of a reconstruction. This depends entirely 
upon what can and what cannot he done. Neither sensation 
nor nutrition can he transplanted, hut both can he improved 
by excising scar tissue from round the nerves and vessels: 
this can often make an atrophic, cold, clammy, hand, warm 
and soft again. But it is not possible to replace sensation and 
nutrition which have been completely lost. This implies, at 
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least in our cold climate, that thumbs or fingers built up by 
transplantation have a very limited working value, if any. 

However, the possibilites of reconstruction are consider- 
able. Plastic skin methods are frequently used, and are parti- 
cularly practicable in the hand. The correct incisions must be 
chosen, and planned so that secondary scar contractures, 
which are unfortunately still common, are avoided. 

Suture of sensory nerves has been successfully performed 
as long as 5 or more years after complete division of a nerve. 
Suture of a digital nerve, provided it is surrounded by soft 
tissue, has a particularly favourable prognosis. 

Bone operations, e.g. substitution of metacarpal bones, 
lengthening of thumb stumps and straightening crooked parts, 
are widely used. For joints, arthrodesis for instability (liga- 
ment injuries) is often important. In the metacarpo-phal- 
angeal joints so-called capsuleetomy, with resection of the 
collateral ligaments can restore mobility to joints which have 
stiffened in extension due to the all too common shortening 
of the ligaments here, and joint plastics also have possibilites 
(except in the thumb). Neither of these operations has yet 
appeared to be of value for the interphalangcal joints, where 
stability is essential for function. 

As regards tendons and muscles the recent advances have 
been of great importance. The technique of free tendon trans- 
plantation has been so developed that its results are quite as 
reliable as those of other operations. 

Similarly, transference of muscle power has now a much 
wider use than formerly, and a suitable functioning system 
can be built up by distributing the available muscle on the 
remaining mobile parts, e.g. the different operations for restor- 
ing opposition and adduction to the thumb, and substitution 
of extensors and flexors and the restoration of lost inter- 
osseous function (demonstration of results). 

The results of skin reconstructions, arthroplasties and free 
tendon grafts are shown. 

In multiple reconstructions the question is, when and in 
what order should the different defects be treated. Treatment 


11 Actft orthopncdlcn. Vol. XIX, 1 
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includes, of course, not only surgery but also splinting, do. 
Nerves always have priority. A multiple reconstruction often 
begins first with the repair of the skin, which is followed by 
repair of the nerves. No joint can be made to function without 
sensation, and it is equally useless to attempt to reconstruct 
the muscular system with muscle and tendon until the joint 
to which its effect is transmitted has free passive mobility. 
While reconstruction of one system is in progress, the others 
must not be neglected, or it may happen that by the time the 
skin and nerve reconstructions are completed the condition 
of the joints and muscles makes a favourable final result im- 
possible. This is particularly liable to happen when the treat- 
ment has been divided into e.g. plastic surgery for treatment 
of the skin, neuro-surgery for repair of the nerves, and, finally, 
orthopaedic surgery for treatment of the joints and muscular 
apparatus. The hand must he treated as a unit, and favour- 
able results can only be obtained by those prepared to learn 
to work on all its tissues. (Demonstration of extensive recon- 
struction cases). 


S U M M A R Y 

Recent advances in the surgery of the hand have entirely 
changed the possibilities of restoring function to disabled 
hands. 

The particular diagnostic and technical difficulties en- 
countered in this work are stressed. The planning of hand 
reconstruction by treating skin, nerves, skeletal system and 
tendons is discussed, and results are demonstrated. Multiple 
reconstructions of a number of tissues of the band can only 
be carried out successfully by a surgeon who can work on 
all the parts affected, and good results will not be obtained in 
hand surgery if the treatment is distributed amongst different 
specialists. 
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R E S U M E 

Lcs progres de la chirurgic de la main, realises ail eours 
de ces dernieres annees, ont entraine des vucs tonics nonvclles 
sur les possibilites de rendre anx mains invalidisecs lcurs 
fonctions normales. 

On souligne les difficulles particulieres que l’on rencontre 
dans le domaine diagnostique et technique. Le programme 
du travail de reconstruction, en tenant comple des possibilites 
existantes par rapport a la peau, aux nerfs, au syslemc osscux 
et aux tendons, est examine et il est donne un expose des 
resultats pouvant etre obtenus. Lcs reconstructions multiples, 
portant sur la plus grande parlie des tissus el des organcs de 
la main, ne peuvent etre executees avcc chance de succes que 
par ceux travaillant avec tous les elements de la main. C’est 
pourquoi, la chirurgic de la main ne peut pas etre divisee cn 
differentes speciality si Ton veut obtenir des resultats favo- 
rables. 


ZUSAMM E N F A S S U N G 

Die Fortschritte der Handchirurgic in den lclzten Jahren 
haben zu einer ganz neuen Bcurlcilung der Moglichkcilen ge- 
fiihrt, invalid gewordencn Hiinden ilire Funklionstiichtigkcit 
wiedcrzugeben. 

Die besonderen Schwierigkcilen, die auf diagnostiscbcn 
und technischem Gcbictc vorlicgen, werden bervorgchobcn. 
Die Projcklierung der Rekonstruktionsarbeit binsicbtlicb dcr 
beziiglich Haut, Nerven, Skelettsystein und Sehncn gegcbcnen 
Moglichkcilen wird besproclicn und das Ergelmis dcmon- 
striert. Die multiplen Rekonstruklioncn. die mehrere Gewebe 
und Organe der Hand umfassen, konnen mil Erfolg nur von 
jcmandem ausgefiihrt werden. dcr sicli fiir die Arbeit mil siimt- 
licbcn Elemenlen der Hand qualifizicrt bat, und die linnd- 
chirurgische Praxis liissl sicli niclit in verscbiedenc Speziali- 
liilcn aufteilen. wenn das Ergelmis gut werden soil. 

DISCUSSION 

Agerholin-Chrislcnsen. Bcnlzon. Mobcrrj. 
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FROM ORTHOPAEDIC HOSPITAL II DEPT., COPES HARES 
CHIEF: SYEX KI.E It, DR. MED. 


A SIMPLE INSTRUMENT FOR A MODIFIED BANKART'S 
OPERATION FOR RECURRENT DISLOCATION 
OF THE SHOULDER 

BY 

JOHN AGERHOLM-CHRISTENSKN 

The most difficult and time-consuming part of Bankart's 
operation for recurrent dislocation of the shoulder is to drill 
the holes in the anterior margin of the glenoid and lo stitch 
the capsule. 

Many orthopaedic surgeons have avoided this difficulty hv 
fixing the capsule with staples or nails, and instruments for 
this purpose have been invented. 

Visitors to our hospital have found the instrument I have 
used most simple and have encouraged me lo publish it. 

It is made lo my drawings by Mr. Haul in our hospital 
workshop. The instrument consists of a spade-shaped holder 
(A) within which is a rod and piston (B). The staple <C). 
made of stainless steel, is placed in the spade-end of the holder 
so that its points are just free enough to hold the capsule in 
situ before hammering. (The legs of the staple can he spread 
if necessary to fix it firmly in the holder). When the rod L 
hammered completely into the holder the distal end of the 
piston is flush with the lower end of the holder and the 
staple is in position in the hone. The holder is IS cm. long, 
the staple is 1 cm. wide. 

I should like to lliarik Dr, R. K. Orlntnnn f*>r l»i-> drawing die 
inMr»inu*nt. 
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II E SU1IE 

Demonstration d’nn instrument de construction Ires simple 
pour renfoncement d’un crampon destine a fixer la partic 
anterieure de la capsule de 1’epaule au margo glenoide dans 
l’operation modifiee de Bankart pour luxation habiluellc an- 
tericure de l’epaule. 

ZUSA M M E N F A S S U N G 

Demonstration eines cinfaclien Instruments zum Einham- 
incrn einer Krampe zur Fixierung dcs vorderen Teils dcr 
Schullergelenkkapscl an den Margo glenoidalis bei einer modi- 
fizierten Bankari'schcn Operation wegen babituellcr vordcrer 
Scbultcrluxation. 



FROM ORTHOPAEDIC HOSPITAL. I DEPT.. COPEXIIAGEX. 
CHIEF: A AGE BERXTSEX 


OLECRANON FRACTURES TREATED IN THE 
ORTHOPAEDIC HOSPITAL. COPENHAGEN 1936—47 
A FOLLOW-UP EXAMINATION 

BY 

INGEBORG LOU 

In 1947 Francis M. McKccvcr and Ronald M. Buck publish- 
ed in the Journal of the American Medical Association 10 eases 
of fracture of the olecranon, treated by excision of the prox- 
imal fragment and plastic operation on the triceps tendon. 
The authors maintain that the fragment can he excised when 
only the coronoid process and the distal vertical purl of the 
olecranon’s joint surface is preserved. They maintain that 
this treatment gives good and early movement, good power 
of the triceps and little inconvenience from the elbow-joint, 
and conclude that: 

1) pseudarthrosis of the olecranon should be treated by 
this method. 

2) bone-grafting should not be done in these pseud- 
arthroses, 

3) severely comminuted fractures of the olecranon should 
be treated immediately by excision of the fragments and a 
plastic operation on the triceps tendon. 

4) Older patients with fresh olecranon fractures should 
be treated by this method. 

a) Fragments of the olecranon which do not form part of 
the joint surface should be removed. 

<»} One need not fear instability of the elbow-joint if the 
coronoid process and the distal vertical part of the joint 
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surface of the semilunar (trochlear) notch is preserved. They 
consider that up to 80 % of the semilunar notch can he 
removed without fear of instability of the joint. 

7) There is no danger of significant triceps insufficiency 
even when large fragments of the olecranon are removed. 

Watson-Jones recommends excision of the fragment in 
older patients, especially when the fracture is high and the 
fragment includes less than V 3 of the semilunar notch. He 
considers that the method has the advantage that the elbow- 
joint is not immobilised for a long period (10 days), while 
McKeever and Buck immobilise in a plaster cast for 3 weeks, 
followed by 10 days in a sling and then active exercise. Since 
these authors claimed such excellent results in both fresh 
and old fractures, I decided to follow up the cases of olecra- 
non fracture which had been seen and treated in the Ortho- 
paedic Hospital in Copenhagen 1936-47, to discover whether 
there were any grounds for believing that the resulis of treat- 
ment would he better if the olecranon fragments were removed 
in more cases than had been our custom. 

During the period mentioned 45 patients with olecranon 
fractures had been treated; there were 23 men and 22 women; 
10 had been treated mainly elsewhere, and 35 had been treated 
mainly in this hospital. The following methods were used: — 

1) Sling. 

2) Plaster, with or without preliminary reduction. 

3) Osteosynthesis with a) screws 

b) Alemann’s nail 

c) Wire or Dainvl thread. 

4) Removal of the fragment. 

Table I shows that of 45 patients treated 39 were followed 
up. Of these 39, 2 were treated with a sling, 12 with plaster, 
22 by osteosynthesis, and 3 by removal of the fragments. Of 
the 6 patients who could not be found 3 had had plaster and 
3 osteosynthesis. 

Table II shows how the fractures occurred: of the 45 cases 
the origin of the fractures was unknown in 2: in only 4 was 
it produced by direct trauma at work, in 0 by complicated 
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TABLE I 

Olecranon Fractures treated at the Orthopaedic Hospital, 
Copenhagen 19 36-47. 



! Total 

! 

1 i 

| Followed j 

1 i 

Not 

followed 

up 

Sling — 

0 

2 


Plaster 




with reduction 

*> 

i 

1 

without reduction 

13 

ii 

2 

Osteosynthesis 




a) screw 

4 

3 

i 

b) Alcmann’s nail ...... 

8 

8 


c) Wire or Damyl 

13 

11 

2 

Removal of fragment 

3 

3 



45 

39 

G 


TABLE 11 




Origin of Injury. 




Total No. 
or 

Injuries 


Fall on 
the arm 


Hoad 

j Accident 


Direct 
Trauma 
at work 


Unknown 


45 


33 


6 


1 


injury (road and sport accidents) while in 38 the patient fell 
on the arm while walking in the street or in his own home 
or hy falling clown stairs, etc. The observation period varied 
between 4 months and 14 years (this last case was a patient 
who had been treated elsewhere for an olecranon fracture 12 
years previously). 31 patients have been observed for over 
a year. (Table III). 

The age distribution of the patients is shown in Table IV. 


TABLE III 

Period under Observation. 


t Year 1 2 

or less Years 


3 Years t Years 


Years 
and more 


H 11 5 2 13 
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TABLE IV 


Method of Treatment 



Age groups 

— 

— — 

Under 

18 

18-10 

j 10-00 | 

(iv. CO j 

Total 

Sling 

2 




2 

Plaster 






with reduction 

i 




i 

without reduction .. .. 

4 

1 

1 

5 

ii 

Osteosynthesis 






a) screw 



3 


3 

b) Alemann’s nail . ... 


4 

3 

i 

S 

c) Wire or Damyl 

1 

7 

2 

i 

11 

Removal of fragment 



3 


3 


S 

12 

12 

7 

39 


The majority, 24, are within the wage-earning ages, from' 18 
to 60 years, hut, as has already been mentioned, only very 
few were injured at work. They include most of the patients 
who were treated by osteosynthesis. 


TABLE V 

Duration of Immobilisation. 



2 weeks 
or lessj 




civ. 8 

weeks 

In- : 
| known , 

Total 

Sling 

1 





1 

2 

Plaster 








with reduction 


1 





i 

without reduction 

2 

5 

3 

1 



ii 

Osteosynthesis 








a) screw 

i 


2 




3 

b) Alemann’s nail 


4 

2 


i 

1 

S 

c) Wire or Damyl 

2 

5 

i 

2 


1 

11 

Removal of fragment 


i 




o 

3 


0 

10 

8 

3 

i 

5 

30 

Under IS years 

2 

4 

1 



i 

8 

18-40 

i 

4 

3 

*> 


2 

12 

40-00 

2 

4 

3 


i 

2 

12 

over 00 

i 

4 

1 

i 



7 


0 

10 

8 

3 

i 

5 

30 






170 


LOU 


Table V shows how long immobilisation was continued, in 
relation to both the method of treatment and the patient's ago. 
Only one case was immobilised for over 8 weeks; it was im- 
mobilised for 12 weeks and will he discussed later. 


TABLE VI 
Unable to Work. 



1 Month 

or less 

' 

! 

1 ’- 2 

| months 

:s i | 5-fi 

months! months 

1 

! ov, 0 
months 

In- j 
known j 

Total 

Sling 

1 




1 

2 

Plaster 







with reduction 

1 





i 

without reduction 

1 

6 

1 


3 

ii 

Osteosynthesis 







a) screw 



2 


1 

o 

h) Alemann’s nail 


3 

3 

2 


8 

c) Wire or Damvl 

1 

5 

1 1 


:? 

11 

Removal of fragment 

1 

2 




:t 


5 

1G 

7 1 

2 

8 

3!> 

Under 18 years 

3 

2 



:i 

8 

18-40 

1 

G 

1 1 

i 

2 

12 

40-00 

1 

f) 

4 

i 

i 

12 

over GO 


;i 

2 


2 

7 


5 

10 

7 1 

2 

8 

:t!t 


Table VI shows how long the patients were unable to 
work in relation to both the method of treatment and to their 
age. It shows that only 2 patients were off work for more 
than 0 months; the rest returned to work from 1 to 0 months 
after injury. 21 of the 89 cases who were followed-up re- 
turned to work within 2 months; of the 2-1 patients in the 
age-group 18 to GO years 18 were at work within 2 months. 

'Fable VII shows the result of treatment in relation to the 
method and the age-group. 88 of the 89 cases arc able to do 
full work, though G of these must he considered to have 
serious trouble (reduced joint movement, reduced power, or 
pain). II have insignificant impairment, usually slight re- 
striction of extension without otherwise any triceps instiffi- 
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TABLE VII 
Results of Treatment. 


Perfect 

! 

i 

! i 

! Major j 

... ; ( roubles i 

Minor i . i 

. , , not niter- 

troubles ■ , . . , i 

hiring with | 

work I 

1 

Major ! 
troubles i 
reducing 1 
working i 
capacity j 

Total 

Sling 


2 



2 

Plaster 






with reckiction 

1 




i 

without reduction 

8 

2 

1 


n 

Osteosynthesis 






a) screw 


3 



3 

h) Alemann’s nail .. .. 

3 

2 

2 

1 

8 

c) Wire or Damyl 

7 

i 

3 


11 

Removal of fragment 

2 

i 



3 


21 

ii 

6 

1 

39 

Under 18 years 

5 

2 

1 


8 

18-40 

7 

i 

4 


12 

40-60 „ 

f) 

5 

1 

1 

12 

over 60 „ 

4 

3 



7 


21 

11 

6 

1 

39 


ciency. The remaining cases arc perfect and it is interesting 
to note that these fractures did not have serious after-effects 
in any of the older patients. Our oldest patient was 95 years. 
The 11 patients who had unimportant after-effects will not 
be considered further, since there were similar after-effects 
in some of the patients in the American material. Nor shall 
I discuss further the cases with perfect results, since the 
methods used are shown in the tables. Rather will I go through 
the 7 cases with serious disabilities, of whom, however, 0 are 
fully employed in their usual occupations. Some are office- 
workers and others light labourers. 

Only one is unable to work in his usual occupation, that of 
groom. 

6*7/45. A 46-vear old groom, who was kicked on the 
right olecranon by a horse, and received a fracture which 
split the whole olecranon, the fracture line running from 1 cm 



172 


LOU 


below the tip of the coronoid process on the joint surface 
obliquely posteriorly and downwards to 2-3 cm distal to the 
joint. He was treated in Department I of the Orlhopiedio 
Hospital. 2 weeks after the injury reduction and fusion with 
Alemann’s nail was tried without success. Later, reduction 
was attempted using a wire through the forearm just above 
the wrist joint, and 6 weeks after the injury a further osteo- 
synthesis was made using a thicker nail, which held the 
fracture securely. Plaster for 2 months; the nail was removed 
at the same time as the plaster. The position appeared to he 
quite good, though there was considerable dccalcification and 
undoubted incongruence of the joint surfaces. 

On examination 2Ve years after the injury the right elbow 
movements were: flexion 130-80°, a few degrees of supination, 
and pronation 70°. There were pain and crepitation in the 
joint on movement. The patient was able to work a little now 
and then, hut not steadily. If one wonders whether his con- 
dition would have been better if the olecranon fragment had 
been removed, one must, I think, suppose that it would not 
have been better, since the fracture line extended too far down 
the ulna, and the greater part of the semilunar notch was on 
the loose fragment, leaving only a small part of the joint 
surface on the coronoid process, so that his elbow-joint would 
presumably have been unstable and unsuitable for bis work. 

1 007 hf h h . A 0-year-old girl treated elsewhere with plaster 
for fracture of the left olecranon. She was seen in the Ortho- 
paedic Hospital in October 1944, 2 months after the injury. 
Radiography showed the results of a comminuted fracture. 
The semilunar notch was well preserved. Flexion was 150-30 ; 
there was no pain. No further treatment was given beyond 
active exercises, and the patient was not seen again until the 
follow-up examination in Nov. 1947. Flexion at the elbow was 
considerably reduced, to 140-30°. She complained of weakness 
of the elbow on movement and discomfort in the joint. Radio- 
graphy showed a deformity of the olecranon with at least one 
of the original fragments in a position which prevented move- 
ment, that is to say, extension. After removal of this fragment 
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and a plastic triceps operation the range of movement was 
improved to 30-165°, and was painless. 

It is noted that this is the only patient treated with sling 
or plaster who had serious disability later. 

This patient bencfitted from the operation recommended 
by the Americans, since the extension in the elbow-joint was 
improved by 25°. 

3424/47. A 30-year-old housewife and grocer’s assistant, 
treated elsewhere 6 months previously for fracture of the right 
olecranon by osteosynthesis using an Alemann’s nail. She 
came to the Orthopaedic Hospital in April 1947 because of 
reduced movement in the elbow-joint and pain in the shoulder, 
arm and forearm. Flexion of the elbow was 160/75°. Radio- 
graphy showed, as well as an old olecranon fracture (in good 
position), patchy decalcification of the olecranon: no definite 
evidence of arthrosis. 

With heat treatment the condition improved, and at exa- 
mination 1 year after injury flexion in the elbow-joint was 
165-50°; there was no evidence of triceps insufficiency, hut 
radiography showed deformity of the joint. This patient was 
able to work after 7 months. One could of course try chiselling 
off the olecranon spike, hut it is not certain that the condition 
would be improved. 

66SS/43. A 25-ycar-old female accountant, treated in 
Department I of the Orthopaedic Hospital for a 2-dav-old 
fracture of the olecranon, running transversely across it. so 
that the separated fragment was about 3 cm long, and in- 
cluded nearly half of the joint surface. An osteosynthesis 
using an Alemann’s nail was done, and she returned to work 
6 weeks after operation. Everything went well, though the 
joint movement was a little reduced, until 5!e months after 
operation, when she clung too hard to a tram which was 
starting, and refracturcd the hone: it was pul in plaster for 
a month. Result: Pseudarlhrosis. When she was examined 
4ycars after the first fracture, flexion was 160-40% there was 
slight crepitation on movement of the joint, full pronation 
and supination; occasional pain, hut not enough to prevent 



174 


LOU 


her working. Radiography shows pscudarlhrosis and incon- 
gruence of the joint. She is reluctant to have an operation, 
and can certainly only he helped hy removal of the fragment 
and a plastic operation on the triceps tendon. 

3109 /AG. A 36-ycar-old housewife treated elsewhere by 
osteosynthesis with wiring. Infection occurred postoperalively. 
At examination at the Orthopaedic Hospital 6 months after 
operation there was found to he considerable reduction of 
movement and pain when movement was attempted. Willi 
heat treatment and discontinuation of the massage and exor- 
cises ordered elsewhere there was fair improvement. On 
examination 2 years after injury there was reduced movement 
and pain in the elbow-joint (Flexion 110-65°: supination and 
pronation 70°). Radiography showed severe orthosis in the 
elbow-joint. She is able to do her work. 

She has a marked arthrosis as well as infection in her 
history, so that operation is contra-indicated. 

3265/46. A 43-year-old waiter with a fresh comminuted 
fracture of the olecranon, treated in Department II of the 
Orlhopa'dic Hospital, with osteosynthesis using Dainyl sutures 
after reduction of the fracture. Plaster for 4 weeks. Able to 
carry on with his work 3 months after injury. At examination 
flexion was 155-50°. pronation full and supination nearly 
full. There was occasional tenderness of the elbow region 
with crepitations on movement; some triceps insufficiency. 
Radiography showed an irregular semilunar notch and arthro- 
sis. hut otherwise good shape of the joint. 

It is possible that this patient could have been henefitlcd 
hy removing the two fragments originally, since only about 
!':t of the semilunar notch had been fractured for half the 
hone’s width although for the other half of the width more 
than half of the notch was lost. 

4064/45. A 22-year-old small farmer, treated elsewhere 
12 years before he was seen at the Orlhopa'dic Hospital, tor 
a fracture on the right olecranon which had been treated by 
wiring. The patient had been in hospital for 15 days; it is not 
known how long the elbow was immobilised. 4 months after 
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operation suppuration occurred and the wire was removed. 

Examination 12 years after the injury showed a pseud- 
arthrosis at the site of the fracture, a piece of the olecranon 
IV 2 cm long being separated from the rest. 

When re-examined 2 years later, 14 years after the ac- 
cident, he was working as a cement worker; sometimes lie had 
a few sharp pains at the site of the olecranon. Flexion 160-50°, 
supination and pronation were full. Slight triceps insufficien- 
cy. 1 cm atrophy of the arm. 

This patient could have been benefitled by excision of the 
fragment and a triceps tendon plastic operation when he was 
first seen 12 years after the injury, but, since 2 years later 
he was fully able to do heavy work, one did not like to re- 
commend an operation. 

The results of the different methods of treatment given 
do not differ much from one another. It is not surprising that 
6 of the 7 patients with serious after-results are found in the 
group treated by osteosynthesis, since most of the severest 
fractures are found in this group, and many of them belong 
to the wage-earning age-group. 2 of the cases evidently had 
had osteitis postoperalivcly. No conclusions can he drawn 
from the fact that no patient treated by removal of the frag- 
ment had serious after-effects, since the fragments removed 
were small, and there are only 3 such cases. 

4 of the 7 patients with serious complaints were between 
18 and 40 years. 2 between 40 and 60; none were over 60, 
though there were 7 patients over 60, the eldest being 05. 
Only one was under IS. Certainly many of those between 18 
and 60 had greater strain on the joint at work, as a result of 
which arthrosis develops more readily, and, when present, 
gives more trouble than to a patient who is not working. Only 
3 of the patients whose period off work is known were unable 
to work for over 4 months, and one, already mentioned, must 
be said to be permanently disabled. As I have already slated 
in going through the histories I think that 3 of the patients 
would have been benefitled by excision of the fragment and a 
triceps plastic operation. 1 primarily. 2 secondarily, apart 
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from the young girl in whom the operation was done 3 years 
after the injury, and whose condition was definitely improved. 
I think one should consider removing the olecranon fragment 
in those cases in which one cannot obtain good position either 
by open or closed reduction, and in which the fracture line 
meets the joint surface on the vertical part of the olecranon: 
also in cases where there arc small fragments lying under the 
skin, and causing tenderness of the elbow; and, finally, in 
cases where a disabling pseudarthrosis develops after treat- 
men l.' 


S U M M A It Y 

The results of 45 olecranon fractures treated in the Ortho- 
paedic Hospital, Copenhagen, are reported. 30 of these were 
studied with special attention to the possibility of obtaining 
belter results by excision of the proximal fragment, combined 
with a plastic operation on the triceps tendon. 

The treatments which had been used were: 

1 ) sling, 

2) plaster with or without reduction, 

3) osteosynthesis using a) a screw, 

b) Aleman’s nail, 

c) wire or Damyl, 

4) removal of the fragment. 

The last-mentioned treatment was used in only 3 cases, 
where quite small fragments were removed, and in one case 
who was found to have marked impairment of extension at the 
follow-u]) examination. There was definite improvement in 
this case after removal of the fragment. 

Out of all the cases followed up one had serious reduction 
of his working capacity, 0 had a major disability, which did 
not however interfere with their work, 1 1 had a minor dis- 
ability. and 21 had definite good results. 

The follow-up showed that 4 patients would have bene* 
fitted from initial or later excision of the. proximal fragment 
with a triceps plastic, operation. This operation seems to be 
indicated in eases where the proximal fragment includes only 
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the vertical part of the semilunar molch, and in which a good 
position can he obtained neither with closed nor open re- 
duction; also in cases in which small subcutaneous frag- 
ments cause tenderness in the elbow, or a disabling pseud- 
arthrosis develops after treatment. 


n R S U M E 

Communication du resullal du trailemenl de 45 fractures 
de l’olecrane traitees a I’Hopilal Orlhopedique de Copenhague. 

39 de ces cas onl ele examines ulterieuremenl pour voir 
notamment s’il etait possible d’obtenir de mcilleurs resultals 
en extirpant le fragment proximal de I’olecranc et par opera- 
tion plastique du triceps. 

Le traitement applique a ete: 

1 ) mitella 

2) platre avec ou sans reposition 

3) osteosynthese par 
a ) vis 

h) clou Alcmann 

c) fil metalliquc ou damvl 

4) extirpation du fragment. 

Ce dernier traitement n’a ele applique que dans 3 cas oil 
il s’agissait de tout pelits fragments et dans un cas clans 
lequel un nouvcl examen montra qu'il y avait une grosse 
defectuosite d’extension. Dans cc cas, ('extirpation du frag- 
ment a provoque une amelioration sensible. 

Dans les cas examines a nouveau, on a fait les constala- 
tions suivanles: capacile de travail reduite de maniere perma- 
nentc dans un cas. G malades se plaignaienl d’inconvenienls 
serieux qui ne les genaienl ccpcndanl pas dans leur travail, 
11 souffraient de legers inconvenienls cl 21 etaient rccllemenl 
hons. 

II rcssorl des examens pratiques que pour 4 malades il 
aurait mieux valu extirper immedialemcnl ou j)lus lard le 
fragment proximal et pratiquer 1'operalion ])lastique du tri- 
ceps. Cette operation semble indiquee dans les cas ou le frag- 


12 Acta orUiopnctlica, Vol. XIX, 1 
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men! proximal ne comprend que la parlie vcrticale dc l'inci- 
sura semilunaris et oil Ton n’obtient pas une bonne position 
en pratiquant la reposition ouverle ou fermee. ainsi que dans 
les cas ou de petits fragments sub-cutanes provoquent des 
sensations doulou reuses dans le coude, ou bien encore lors- 
qu’il se developpe des pseudarlhroscs genantes apres le Iraite- 
ment. 


Z U S A M M E X F A S S V X G 

Es werden die Ergebnisse von 4o Olekranonfrakturcn 
milgeteilt, die im Orthopiidischen Krankcnhaus in Kopenhagen 
behandelt wurden. 39 davon wurden nachuntcrsucht. beson- 
ders im Hinblick darauf, ob dureh Exstirpalion des proxima- 
len Olckranonfragments und Vornahine ciner Tricepsplaslik 
ein besseres Behandlungsrcsullat zu crzielen gewesen ware. 

Es wurden folgende Behandlungen angcwendel: 

1) Mitella, 

2) Gips mit oder ohne Reposition. 

3) Osleosynthcse mil 

a) Scliraube, 

b) Alcinann’schem Nagel, 

c) Melalldrabt oder Damvl. 

4) Entfernung cines Fragmens. 

Die letzle Behandlung ist nur in 3 Fallen angcwendel wnr- 
den, wo es si eh urn ganz kleine Fragmina bandellc. und in 
einem Falle, der bci dcr Nachuntersuchung cinen grossen 
I^xtcnsionsdefekl zeigte. — Die Entfernung des Fragmens 
erwics sich in diesem Falle als cine wcsenllichc Bcsserung des 
Zuslandes. 

Von alien naebuntersuebten Fallen bat ciner dauernd ber- 
abgeselzle Arbeitsfiibigkeit, 6 haben wcsenllichc Bescbwerden, 
die jedoch ihre Arbeilsfabigkeil niebt beeinflussen, 11 un* 
wcsenllichc Bcschwcrdcn; 21 sind unhedingt gut. 

Aus dcr Nachuntersuchung gcht hervor. dass man 4 Fa* 
ticnlcn hiilte besscr hclfen kdnnen. wenn man soforl oder 
spiilcr das proximate Fragment cxzidiert und cine 4 riceps* 
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plastik gemacht hatte. Dicsc Operation schcinl in den Fallen 
angezeigt zu sein, wo das proximalc Frogmen nur den verti- 
kalen Teil der Incisura semilunaris umfasst, und wo man 
durch offene oder unblutige Reposition keine gute Stellung 
erzielen kann, sowie in Fallen, in denen kleinc subkutanc 
Fragmenlc Schmerzen im Ellbogen verursachcn, oder wo sicli 
nach der Bebandlung eine Bescbwerden verursachende Pscud- 
arthrose entwickell. 


L I T E R A T V R E 

McKccocr and Buck: J.A.M.A. Vol. 135, 1947, p. 4. 

1 Valson-Jones: Fractures and Joint Injuries. Livingstone, Edinburgh, 1945. 
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THE EFFECT OF TETRAETHYL AMMONIUM BROMIDE 
ON DYSBASIA ARTERIOSCLEROTICA 


BY 

.1GRGEN STAUN’ 


Since Achcson and Aloe in 1945 demonstrated the sj>ccifi<* 
action of tetraethyl ammonium bromide in blocking the 
autonomic ganglia, they and other workers (Lyons cl nl. and 
Berry el nl.) have published the results of further investiga- 
tions into the effects of this substance on various disorders of 
the vascular and autonomic nervous systems. 

The best results of its use have been obtained in the treat- 
ment of peripheral vascular disorders, since, according to 
publications by Berry and his associates, this substance pro- 
duces a temporary vasodilatation, which is just as marked 
as that which follows sympathectomy. Injected intravenously 
it should he an unfailing diagnostic test and, in addition, it is 
reported to have a good therapeutic action, even in advanced 
cases of vascular disorders. 

In Sweden. Lnrsson and Frisk, and later Ejrup, have 
published results of research in this field. 

Lnrsson and Frisk used big doses, 6-7 ml., intravenously, 
and up to 16 ml. intramuscularly, given at one injection, with- 
out secondary effects. In four cases they found, contrary to 
Berry , that peripheral procain block of the tibial nerve and 
spinal anaesthesia both had belter results than tetraethyl am- 
monium bromide. 

Ejrup has pointed out the importance of giving the in- 
jection slowly, at about 1 ml. per minute. 

In normal individuals, as far as is known, tetraethyl mn- 

1 In f»>1Iiihnr:tIioii with Hiijiburl Starhlint. 
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monium bromide always produces vasodilatation and a quick 
rise in the skin temperature of the extremities. 

Slaughter, Brown and Wakim demonstrated plelhysmo- 
graphically that the blood flow in the extremililcs increased 
after the administration of 3 ml. doses of tetraethyl ammonium 
bromide. In normal individuals there was an average increase 
of 100 % in the upper and 135 % in the lower extremities. 

During the last 18 months experiments have been carried 
out at the Copenhagen Orthopaedic Hospital. Dept. 2. to 
determine the action of tetraethyl ammonium bromide in pa- 
tients with peripheral vascular disorders and postlraumnlic 
dystrophy, and — as control — in a few patients with non- 
vascular disorders. A preliminary report of these experiments 
was given by Dr. Starklint at the meeting of the Orlhopaedisk 
Selskab in Copenhagen in January. 194S. 

The preparation used (“Etylon”) is a 10 % solution of 
tetraethyl ammonium bromide.' 

The following technique was used in the so-called “Etylon 
lest”. The lower extremities of the patient were exposed to 
room temperature for half an hour, after which up to 5 ml. 
of Etylon were injected intravenously slowly over two to three 
minutes, with careful observation of the blood pressure and 
pulse rate, and temperature-readings from the big toe. the. 
dorsum of the fool and the leg. A vasodilatation test by Gibbon 
and Landis’ method and other examinations necessary for 
establishing a diagnosis had been carried out previously. 

Etylon was also given therapeutically by intramuscular 
injection. First 6-8 ml. and then 3x10 ml. injections were 
given at intervals of a week. Experience showed this dosage 
to he loo small and too infrequent, and in the past 12 months 
two injections have been given per week. We arc now giving 
the injections every second day in increasing doses, hut 1 0ml. 
was the standard dose in the cases reported in this paper. 


’ The Danish pharmaceutical manufacturers “Pharmacia'’, who make 
the solution under the name of “Ethylon" have kindly supplied the 
necessary quantity of the material. 



182 


ST A l’N 


The secondary effects most frequently observed were a me- 
tallic taste and dryness in the mouth, slight dizziness, a fall 
in blood pressure, a rise in pulse rate and transient accomoda- 
tion pareses. Considerable falls of blood pressure were seen 
in only two cases. One rose again spontaneously. The other, 
which fell from 210 to 50 mm. Hg. rose again immediately 
after a subcutaneous injection of 0.5 ml. adrenaline. The 
patient only felt slightly dizzy and clinically did not appear 
to he on the verge of collapse. 

According to the literature temporary paresis of the in- 
testine and bladder are other possible secondary effects. 

'Phc action on the vessels is felt as transient paracslhesiae 
in the extremities, followed by numbness and a “cool sensa- 
tion” in the hands and feet, and, within 5 minutes, a sensation 
of warmth, which is accompanied by a rise in the skin 
temperature of the extremities. This paper will show that 
we. like Lawson and Frisk found that tetraethyl ammonium 
bromide has an undoubted effect and is of diagnostic, as well 
as therapeutic, value. Probably its most important use will 
he in vascular disorders in which the spastic element is pro- 
dominant. However, the number of patients whom we have 
treated has not been large enough to prove this, and the patho- 
logical pictures have been so various that we have not wanted 
to include many of them in this paper. But it has been among 
this type of patient — in whom vasospasm predominated - 
that we have observed the most encouraging effects of tetra- 
ethyl ammonium bromide. 

We shall only deal here with patients with the signs and 
symptoms of intermittent claudication of arteriosclerotic 
origin. 

A summary of the results obtained is given below. 

Arteriosclerotic intermittent claudication 1- patients 

Improvement in claudication 8 

Disappearance in coldness of feel 1 

Objective improvement in the appearance of the 

feel 8 
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Reflex vasodilatation and rise in skin 

temperature more than 2° C 8 

„ 4° C 5 

„ .. 8° C 3 


Twelve patients, including two women, all with advanced 
and confirmed arteriosclerosis have been fairly easy to com- 
pare. We have not included any patients who were having 
any other treatment at the same time as the tetraethyl am- 
monium bromide injections. The exclusion of these cases from 
the paper, and of patients with pangrcnous lesions from the 
treatment, accounts for the small number of cases reported. 

The ages of the patients varied from 43 to 63. Seven cases 
were examined well over twelve months, three only four 
months and two between six and twelve months after treat- 
ment. 

After treatment with tetraethyl ammonium bromide the 
claudication has noticeably improved in eight of the 12 cases, 
and very noticeably in 4 of these 8. 

It must he admitted that our best criterion of a favourable 
effect on the vascular disorder is the subjective improvement 
in the patient’s dysbasia. All the patients treated have given 
satisfactory information on the distances they have been able 
to walk before feeling cramps in the calf, or pain or tiredness 
in their legs. We have come to the conclusion that, in future, 
a standardised walking test with a definite pace rate, con- 
trolled by a metronome and performed under experienced 
supervision, should he adopted since tests of function, such 
as the Lewis test, with or without resistance and with or with- 
out elevation, and the Moskowic: lest, give results which vary 
loo much with different examiners. 

But it is worth noting that in the patients who reported 
improvement in their dvshasia definite objective signs of an 
increased blood-flow in the lower extremities were found. 

Certainly some importance may he ascribed to the patients’ 
statements that they do not suffer so much from cold feet, 
since this symptom causes great discomfort, and its disap- 
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pcarance is sure lo he noticed. The 8 patients whose dvshasia 
improved had all suffered from cold feet. One noticed an im- 
provement in this symptom and- what is more encouraging 
in 4 the symptoms disappeared altogether. In 2 it remained 
unchanged, while one patient only complained of it after 
treatment. 

We have not ventured to attach too great an importance 
to the reports of the appearance of the feel at the follow-up 
examination — again on account of changes in the examiners. 
Nor did it seem justifiable to place much emphasis on the 
results of palpation of the arterial pulsation of the feel. How- 
ever. in 3 patients the changes were convincing and there was 
also considerable improvement in the results of the Lewis 
function test, and in the postural colour changes, such as 
pallor of the skin with elevation, and rubor with dependence, 
of the feel. 

Only 1 of the 12 arteriosclerotic cases suffered from pain 
at rest, and this was unaltered after treatment. Pain at rest 
often develops after acute arterial occlusion, of which none or 
our patients showed any evidence. 

The vasodilatation lest of fiibbon and Landis makes poss- 
ible more objective comparisons. In this test the patient holds 
his hands in water kept at 44 c (’. and the temperature of his 
feel is recorded. Before the lest his lower extremities are ex- 
posed to room temperature, which was always about 20 C. 

Of the 8 patients who improved as a result of the treat- 
ment. 7 showed a rise in skin temperature of between 2 and 
<)' compared with the maximum temperature previously 
obtained on the more severely affected fool. In 4 patients the 
rise was more than b and in 2 the vasodilatation reflex 
was more brisk, giving a sleeper curve. Out of the 4 patients 
whose condition showed considerable improvement, as already 
mentioned. 8 gave rises of 8 . S . and 0 . respectively, com- 
pared with the maximum temperature measured on the more 
affected foot before treatment. 

As was expected the oscillometer showed no increase in 
the oscillations. All the 12 patients with arteriosclerosis had 
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small oscillomelric indices for the lower pari of the leg. and 
small oscillations in the upper part of the leg and the thigh. 
A few patients rises of about 1 in the index, hut. as repealed 
measurements are necessary, and the readings may vary if 
the cuff is not applied at exactly the same level each time, no 
conclusions could he drawn. 

In 6 of the 12 cases there were small decreases in the 
oscillomelric index; in the other ti there was no change, which, 
to say the least, suggests that the organic changes in the 
vessels were not reduced. 

On the other hand, 2 patients, who had improvement in 
their dvsbasia had rather bigger oscillations before treatment 
than the rest — 3 and 2.5 respectively on the lower part of the 
more affected leg — which might have been considered a good 
prognostic sign for treatment, whether with procain block or 
lelraelhylammonium bromide. But 2 other patients who 
showed marked improvement had oscillations of 0 and 1 both 
before and after treatment, which shows that it is not possible 
to draw from the oscillometric findings any conclusions on 
the relative proportions of vaseospasm and organic changes 
in the vessels. 

We mention this point particularly, since it is not necessary 
to assume that the action of the substance on the autonomic 
nervous system is exclusively a relief of vasospasm. The inter- 
ruption of reflex arcs through the autonomic ganglia may be 
of importance also in other ways in patients with peripheral 
vascular disorders. 

The number of unfavourable oscillomelric findings before 
and after treatment with tetraethyl ammonium bromide, in- 
cluding the 8 cases whose condition improved, supports the 
view that oscillometry is not a satisfactory objective measure- 
ment of the condition and of the function in the lower ex- 
tremities. though it may be useful for a rough localisation of 
an obstruction in a big artery. This agrees with the opinion 
of Allen. Barker and J-Iincs , who. in their book on peripheral 
vascular diseases, almost condemn oscillometry as a method 



of examination, and do not attach any importance to it as a 
control test. 

In patients with other disorders whom we have treated with 
letraclhylammonium bromide, sympathetic block or spinal 
anaesthesia, we have found that the oscillomctric index did 
not rise with effective treatment, and in some cases it was 
even reduced. 

Whether a rise in the skin temperature can be taken as 
indication of an improved blood-flow through the arterio- 
venous shunt, or whether there is also an improved blood- 
flow in the muscles, we have not been able to determine from 
our investigations; hut certainly the reduction of the patients* 
pain suggests it. 

Finally, we should like to report 2 further cases of arterio- 
sclerotic intermittent claudication, both showed marked im- 
provement. They were prescribed a protective regimen at the 
same lime as they received the tetraethyl ammonium bromide. 

One patient was an official weigher and measurer, aged 
a 8 years. lie had worn only carpet-slippers for 7 years, had 
suffered from cold feet, and before treatment could walk only 
a few metres. After the second injection of tetraethyl am- 
monium bromide (G ml. intramuscularly) he was able to walk 
well over .'1 kilometres in ordinary leather shoes. He no longer 
suffered from cold feet. A vasodilatation lest (see above) 
showed a stisfaclory rise in the skin temperature of his feel, 
while the oscillomctric index showed no improvement after 
treatment and later the oscillations tended to diminish. Hue 
year after treatment he is still satisfied with the result and 
able to work. (Fig. I). 

The other patient was an infant-school teacher (female), 
aged ;*i 8 years, who before treatment could not walk many 
steps without cramp in her left calf. Her feet were also cold. 
8 months after treatment with tetraethyl ammonium bromide 
<G ml. rising to 1(1 ml.- altogether HI injections) she is abb" 
to walk for an hour provided she does not walk too fast. 

The vasodilatation test shows a satisfactory rise in the 
skin temperature of both feel (Fig. 2). The room lemprratutr 
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Fig. 1. 

Vasodilatation after immersion <if hands (indicated by arrow) in warm 
water. Man aged 54 years with obliterative arteriosclerosis. Skin tempera- 
tures of first toe on both sides, — before. 5 days. 3 months and 12 months 
after treatment (from left). 


was higher (22° C.) at the follow-up examination and an 
attempt was made to cool the feet with a ventilating fan. The 
maximum value of the oscillations measured on the lower 
part of the leg was about 3, both before and after treatment. 

We have had to prescribe a protective regimen after treat 
ment. This has amounted mainly to general prudence regard- 
ing the feet, warm footwear which does not pinch, elevation 
and postural exercises, and hot and cold bathing, or Hauffe 
baths. 

It would have been desirable, and perhaps also justifiable, 
to have treated a number of patients with tetraethyl am- 
monium bromide alone. We think that the substance is a 
therapeutic victory, and that its effect has been convincing in 
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I'iii. 2. 

V.'isodiliiliition after immersion of hands (indicated by arrow) in wattn 
water. Woman aged aS years with obliterative arteriosclerosis. Shin 
temperatures before and after treatment. 


several of the patients mentioned. We expeel that tor some 
time its use will prove disappointing in many patients in 
whom the organic changes tire more advanced and the spastic 
element less- -in other words, in cases where the reserves of 
blood supply are small. 

On the other hand, this crilerium cannot he* considered 
to he universally applicable, since some of our patients felt 
definite improvement though there was no objective evidence 
of increased blood-flow through the extremities. 

We have encountered no real disadvantages of the dosage 
which we used, and the patients have felt no discomfort or 
anxiety with the treatment. On the contrary, some lell f<* 
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markable relief and a pleasant sense of warmth in their legs, 
even when there was no improvement in the clinical picture. 

Most of the patients were out-patients during the final 
part of the treatment. After injection they were kept in a 
horizontal position for 30 minutes: they were then allowed 
to sit up, and we made sure that there was no fall in blood- 
pressure. 

We do not possess any data for comparison with the cases 
described here, hut we think that if the results obtained with 
tetraethyl ammonium bromide arc viewed against the back- 
ground of lumbar sympathectomy, which is, after all, a com- 
paratively serious operation, they call for further investiga- 
tion and use of the substance. 

S U M M A R Y 

12 cases of advanced, well investigated, intermittent claud- 
ication of arteriosclerotic origin treated with tetraethyl am- 
monium bromide arc reported. 

The dysbasia diminished noticeably in 8 patients, and in 
4 there was a remarkable subjective improvement following 
the treatment. The oscillomelric index remained unchanged, 
hut other objective indications of improvement were found, 
especially an increase in the rise in skin temperature in 
responce to a vasodilatation reflex. The significance of the 
objective findings are discussed. The results have been en- 
couraging, and call for further investigation and therapeutic 
use of this substance. 


R F. S V M E 

Communication de 12 cas dc maladcs souffranl de dys basic 
avancec et verifiee. d'originc arlerioscleroliquc traites au tetra- 
ethyl ammoniumhroinidc. 

Les symplomes dysbasiques onl neltemenl diminue chcz 
8 maladcs el chez 4 on a constate une sensible amelioration 
subjective apres le Iraitemenl. 



1 90 


STAl'X 


L’indice oscillomelrique ne inontrnil aucunc modification. 
Par eontre, a Paidc d'autrcs mcsures dc conliolc, on a cons- 
tate une meilleure elevation dc la temperature de la penu ;‘i 
Pepreuve des reflexes vasomoleurs. 

L'importanee des trouvailles objectives est disoutce. I.es 
resultals oblen us out etc si encourageanls qu’ils engagent a 
poursuivre les experiences ct a continuer Padniinisl ration 
llierapcutiquc du produil utilise. 


ZUS A M M E X F A S S V X C, 

Ivs wire! fiber 12 Palienlen bericbtel. die allc cine sieher 
vcrifizierlc arteriosklcroliscbe Dysbasia batten und mil Telra- 
albylammoniumbromid bcbandcll wurden. 

Die Dysbasiebeselnverdcn nahinen bei 8 deutlieb ab, und 
bei den iibrigen 4 kann cs nacb dcr Behandlung zu ciner srlir 
wesentliehen subjekliven Bcsserung. 

l)er oszillometrische Index zeigle kcinc Bcsserung. dage- 
gen fanden sicb andere objeklive Kritcrien ciner Besscrung, 
in ersler Linic cine erbdbtc Tcmperalursteigerung bei der 
vasomotoriseben Iteflexpriifung. 

Die Bcdeulung der objekliven Bcfundc wird erbrtert. 
Trolz des Fcblens cines Konlrollmaterials 1‘indet man die 
Krgebnisse so ermutigend. dass sic zu weilerer Untersueluing 
und Bebandlung mil deni Sloffe auffordern. 
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DISCUSSION 

S. River. 

A. Langcnskiold: Tetraelhylammonium bromide (Astra) 
has been used by Dr. Bj. Lindstrom in the Illrd Department 
of Surgery of the Helsingfors University since Dec. 1047. Ex- 
perience has shown that T.E.A.B. therapy is no substitute for 
sympathectomy in thromhoangitis obliterans. In a case of 
severe phantom limb pain following disarticulation of the 
humerus T.E.A.B. had a good effect for 5-0 hours after its 
injection. The same effect was obtained with a paravertebral 
injection of novocain. Complete relief was obtained by cervico- 
thoracic sympathectomy. 



FROM THE ORTHOPAEDIC HOSPITAL, COP EX II .1 HEX. DEPT. /. 
SCRGEOX-IX CHIEF: A AGE RERXTSEX. M.D. 


ON TREATMENT OF OSTEOCHONDROSIS OF THE SPINE 

BY SPINAL FUSION 

1IY 

EIVIN HASXKH 


Osteochondrosis of the spine is characterised radiograph- 
ically by diminution of the height of one or more inter- 
vertebral discs, exostosis formation, sclerosis of the vertebral 
surfaces in contact with the intervertebral discs, relroposition. 
and in its early stages also by Kmtllson's vacuum phenomenon. 

The present series comprises 100 cases from the Ortho- 
paedic Hospital admitted to the Orthopaedic. Hospital. Copen- 
hagen between 1936 and 10-10. Only 8 of these eases were 
treated by spinal fusion. 

A modification of Alfrcc's method has been used. A thin, 
elastic bone graft, 0 to 10 cm. long is taken from the tibia, 
and inserted in the space left when the spinous process has 
been removed close to the arch. Bone chips taken from spongy 
hone are placed round the graft. After the operation the pa- 


tient is laid in a plaster bed and kept there for .'1 months. At 
the end of this period he is fitted with a strong supporting 
jacket, which is worn for between 0 and 12 months. 

All the S cases in whom fusion was done, had been treated 
previously with physiotherapy and conservative orthopaedic 
treatment. ( Blaster jacket, supporting jacket, novocain block). 

The patients were: a mechanic, aged 22: a navvy, aged 31: 
a furniture remover, aged .'hi: and f» women, aged 27, ,T2. -!«b 
and .'hi respectively and all engaged in house work. 

All had marked symptoms and radiographic sign 1 *. At! 
complained of pain in the back, localised to the lumbar spine. 
In I eases the pain was so severe that the patients were tin- 
able to work. One ease (with relroposition) had paraeslhesiae. 
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No case had particularly marked physical signs: there 
were mild deformities of the spine (kyphosis, scoliosis, straight 
spine), slight restriction of the mobility in the lumbar region, 
and infiltrations in the muscles of the hack. The patellar 
reflexes were absent in one case with retroposition. 

The radiographic changes were those usually seen in these 
cases. In all, the height of the L5-S1 and in 2 cases also of the 
L4-L5 disc, was diminished. All had sclerosis of the vertebral 
surfaces in contact with the discs. Exostosis formation was 
seen in 3 cases and retroposition in 2. 

Our indications for operation were very rigid, and opera- 
tion was only resorted to in the most severe cases. In -I cases 
the indication was inability to work, in 3, pains so distressing 
that the patients asked for operation, and in 1 case, retro- 
position associated with paraesthesiae and absent reflexes. 

6 of the patients were symptom-free when followcd-up 2 
to 6 years after operation. The bone grafts were firmly fused. 
The osteochondrosis was unchanged. Apart from slightly re- 
duced mobility in the lumbar region the examination revealed 
nothing of note. 

One further case was improved. This was the navvy, aged 
31 years, who had been unable to work before the operation. 
After operation he could work, but had lumbar pain, and had 
to rest for a great part of his off-lime. Also his back was 
rather stiff in the morning. The hone graft was fused. There 
was no change in the osteochondrosis. There was some limita- 
tion of movement in the lumbar spine and there were infiltra- 
tions in the muscles of the back. 

The furniture remover, aged 36. on the other hand, showed 
no improvement at the follow-up examination. He had re- 
turned to work after the operation, but after 6 months his 
symptoms recurred and the pain was again severe. Control 
radiography showed fusion of the bone graft without evidence 
of fracture. The osteochondrosis was unchanged. There was 
slightly reduced, mobility in the lumbar spine. The muscles of 
the hack were definitely tender. 

It is not possible to draw any definite conclusions on the 
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value of spinal fusion from such a small number of cases. 
We do believe, however, that fusion is a form of treatment 
which ought to be used more than has been the practice in 
this country. 

S U M M A II Y 

Out of 100 cases of osteochondrosis of the spine treated 
in at 1. dpt. of the Orthopaedic Hospital in Copenhagen, only 
8 were treated by spinal fusion. A modification of Alhee’s 
method was used. All 8 cases (5 women) had marked clinical 
and radiographic signs. The indications for operation were 
very rigid. The patients were follow-up for 2 to G years after 
operation. 6 were symptomfrcc; 1 was improved and 1 was 
unchanged. 

1\ E S U M K 

Sur 100 cas d’osteochondrose dc la colonne vertebrate 
soignes dans lc l er Service de ITIopilal Orlhopcdique de Copen- 
haguc, 8 sculement ont ete traites par fusion s])inalc. La 
methodc d’AIbec modifiec a etc utilisee. Les indications pour 
l'operation ont et6 tres severcs. Les malades ont ete suivis 
enlre 2 et G ans apres l’intervention chirurgicale. Chez G aucun 
symptomc ne s’est manifesto; 1 cas a etc ameliore el 1 esl 
reste in change. 


Z V S A M M E X I- A SSl’X G 

Von 100 im Orthopadischen Krankenhaus zu Kopenhagcn 
hehandellen Fallen wurden nur 8 mil Spondvlodese hehandelt. 
Die Opcrationsincthode bestand in einer Modifikation der 
Alhee’schen Methodc. In alien 8 Fallen (a b'ratien) waren 
ausgesprochenc klinischc und rontgenologischc Syinplome vor- 
handen. Die Indikationen waren sehr strong. Die Patienlen 
wurden 2 — 6 Jahre nach der Operation untersucht. In G kallen 
waren die Palienten symptomfrei. In J Falk* war der Xustand 
gehesserl und in 1 Falle unveranderl. 

I) i s c v s s i o x 

I'ribertj. liemtscn. ficnlzon. Xnvnlnt/, Ilasrirr. 
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(CHIEF SURGEON: P. G. K. RENT 7.0 X. M.D.) 


FRACTURE OF THE ASTRAGALUS 

BY 

HAXS JEXSEXir.S 


53 cases of fracture of the astragalus and its sequelae have 
been admitted in the past 12 years to the Orthopaedic 
Hospital, Aarhus. When doubtful cases and cases in which 
fracture of the astragalus was only a part — and not the more 
essential part — of a complicated injury were eliminated. 37 
cases remained. Of these, 13 had fractures of the posterior 
process of the astragalus, while the remaining 24 had fractures 
of the astragalus proper. 

First, a few remarks may he made about the former group 
— fracture of the posterior process — which is sharply distinct 
from the main group. This fracture is a small and apparently 
insignificant injury which may easily he overlooked on the 
radiographs, unless the examiner anticipates that it may be 
present. In our material, indeed, it had been missed several 
times at the first examination before the patient was referred 
to this clinic. It is, however, by no means an insignificant 
injury, as is evident from the fact that it had caused discom- 
fort to 8 of the 13 patients for over half a year after the 
injury, before they were referred to this hospital, while in 
some of them other, and far more severe, injuries, had healed 
without sequelae. 

So this is a fracture which should not he neglected. It 
occurs especially in distortion injuries — this was the etiology 
in 9 out of the 13 eases — sometimes on strong plantar flexion 
of the fool, not infrequently as a more or less essential com- 
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plication in fractures of the malleoli and calcaneus. Clinically. 
2 symptoms suggest the diagnosis: local tenderness, and either 
reduced or painful plantarflexion of the foot. Both of those 
symptoms were recorded in 7 of the 13 patients. A third 
symptom — pain on flexion of the big toe, due to the course 
of the tendon of the flexor hallucis close to the posterior 
process — is more theoretical; it was not recorded in any of 
the cases. 

On radiography, the diagnosis was obvious in some eases, 
and very doubtful in others, especially in those of long stand- 
ing. In particular the occurence of os trigonum as a separate 
hone may make the diagnosis difficult. — though this is. per- 
haps. of minor practical importance, as an os trigonum ex- 
posed to a distortion injury may give the same indication for 
excision as fracture of the posterior process. 

This radical treatment of the fracture — excision was 

offered or advised in many of these cases, but it was performed 
only three times. The remaining cases were treated conserva- 
tively with plaster, novocainc injection or orthopaedic font- 
wear. The cases have not been followed-up. 

Before turning to the main group of the material, the 21 
cases of fracture of the astragalus proper. I shall briefly 
mention the characteristic features of the astragalus that 
give the fractures of this hone their particular character: 

1. The thick shape of the bone, its position between the 
other hones and its lack of muscle insertions explain the 
relative infrequency of its fracture. According to Kikcn ( lbl 71. 
its incidence compared with that of fractures of the calcaneus 
is 1:1(1. 

2. About three-fifths of its surface is covered with cartilage 
distributed on 7 articular surfaces, and a fracture line must 
nearly always involve one or more articular surfaces, so 
that even slight displacement will result in severe arthrolir 
changes. 

3. The same feature makes the nutrition of the hone 
easily impaired, so that a fracture involves considerable risk 
of necrosis, especially of the body. Kven though the numerous 
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ligamentous attachments are all accompanied by small vessels, 
by f ar the greatest blood supply is received through the neck 
of the astragalus — as can he seen in injection preparations. 
Therefore, any fracture through the neck involves considerable 
risk of necrosis of the body, and this necrosis is almost in- 
evitable if, at the same time, the posterior ligamentous attach- 
ments are lorn— as when there is fracture of the neck of the 
astragalus with backward displacement of the body. The 
frequency of necrosis in these two forms of injury is given 
by Walson-Jones to be 50 % and 100 %. respectively. 

4. Finally, the central position of the bone, and its im- 
portance to the structure of the fool is a reason why deforming 
fractures may cause pronounced malpositions of the foot — 
more often a varus, but sometimes a valgus position. 

It must be mentioned here that the present material con- 
sists almost exclusively of the sequelae of fractures which 
were treated primarily elsewhere. Only 3 cases were recent. 
0 had occured up to 1 year, and 11 over 1 year before — -with 
13 years as maximum. This means that the material is 
selected, in that it consists of cases with sequelae who have 
applied to the clinic, but I think that the fact that we have 
received relatively many cases of this rare fracture signifies 
that it is a serious one. 

I have tried to divide the 24 cases into several groups by 
comparing the data on the trauma with the type of fracture 
seen on the radiographs, and I think it is practicable to 
classify most of the fractures with a fair degree of certainly 
according to the way in which they occurred. But I must 
stress that the fractures arc so various that any classification 
must in some degree be artificial. In 10 cases I found that 
the fracture occurred with traumatic dorsiflexion. in 5 cases 
with traumatic inversion and inflexion of the fool, in 4 cases 
with direct trauma — and finally there are 5 cases in which I 
was not able to determine the trauma. 

I. Accordingly, in the first and largest group, comprising 
10 cases, the trauma was cither strongly dorsiflexing or acted 
on a dorsiflexcd foot, and a fracture of the neck with or with- 
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out dislocation occurred. Of the 10 fractures 6 look place on 
a fall from a height, in which we have to assume that the 
foot hit the ground in dorsiflexion. According to liohlcr. this 
is the ordinary mechanism of fractures of the astragalus, 
whereas fractures of the calcaneus are said to arise in falling 



I'i'.l- i. 

Simple fracture of the neck of the astragalus with t lie fracture aneh- 
open towards the dorsum. Sclerotic changes in the trochlea. 


on the fool in neutral position. With the third possibility 
traumatic injury to the fool in plantar flexion — the fracture 
is said to arise posteriorly in the astragalus by impact with 
the posterior margin of the tibia. Such a trauma i'' of rate 
occurrence, however, and therefore the corresponding fracture 
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is rare; our material, however, includes one typical case of 
this kind. 

In the more common injury occurring in dorsiflexion, the 
anterior margin of the tibia is thought to be driven down like 
a wedge into the posterior part of the neck of the bone, some- 
times into the anterior part of the trochlea, resulting in a 
transverse fracture, most often with an angle opening to the 
dorsum. However, according to the theory which was original- 
ly advanced by Ombreclanne and was supported by Eileen and 
others, the fracture occurs normally as a simple flexion 
fracture, the body being fixed in the malleolar fork while 
the head is displaced dox-sally, and the tibia plays no part in 
its production. But when — as seen in Fig. 1 — the anterior 
margin of the tibia is also injured, the former origin seems 
more probable. 


The patient was a woman who had fallen off a load of hay 4 1 ,‘j months 
before admission. There is a simple fracture of the neck oT the astragalus 
with the angle open dorsallv. In addition, sclerotic changes indicating 
nutritional disturbance can be seen in a small part of the trochlea. 

This relatively simple fracture after dorsiflexing trauma 
was found in S of the 10 cases. Trauma acting further in this 
direction causes, in addition, forward dislocation of the distal 
fragment + the entire subtalar foot, including the calcaneus. 
Presumably such a dislocation had occurred in some of these 
S cases, but had been reduced immediately after the injury, 
so that it was not present on admission. It was mentioned in 
the history in 2 cases. One case, however, was hospitalized 
immediately after the injury, and it shows several interesting 
features: 


The patient was a mason. 2o years old, who fell off a church lower. 
The radiograph is shown in Fig. 2: Fracture of the neck of the astragalus 
with about 2 cm. forward displacement of the distal fragment -f- the 
foot. The body is in the malleolar fork but appears to have rotated 
round a sagittal axis. Closed reduction was impossible, and at operation 
this was explained by the fact that both the peroneal tendons had been 
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fragment out of the malleolar fork. Such a dislocation depends 
on injury to the attachments of the posterior ligaments simul- 
taneously with the fracture, and. presumably, on the fracture 
being posterior to the lig. interosseum. so that the corpus 



Fio. 3. 

Same case as Fig. 2. Picture taken 4 M- years after the reduction. Com- 
pression of the sclerotic body and arthrosis. 


fragment can be dislocated almost freely. Our material also 
includes one case, which was treated immediately. The acci- 
dent occurred in an uncommon but quite characteristic way: 

The patient was a rescuer. 28 years old. While working with a cram- 
car. the crane was overloaded and he tried to keep the front of the ear 
down by hearing down on the fender. Then the wire of the crane broke 
suddenly and the front end of the car came down, with the fender strik- 
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>»g Itls bent leg ju*t above (lie kmc on flic femur, which did not break, 
but transmitted tile impart to tin- foot, in dors i flexion. This typical 
injury <Tig. ti resulted; fracture of the tuck of the astragalus with 
backward dislocation of the body, which is rotated ‘.Ml degrees round 
both a frontal and a sagittal axi*-. Operative reduction was easy after 



Fracture of the neck of the astragalus with backward dislocation of the 

body fragment. 

temporary division of the Achilles tendon (Fig. a) hut — one might 
say, of course. — necrosis of the body with increasing density of the hone 
radiographically occurred. (Fig. fi.) After one year the sclerosis is de- 
creasing. The joint space is narrowing towards the tibia, lull there is 
no sign of arthrosis and no compression. This patient walked in a walk- 
ing plaster for 20 weeks after the accident. 
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II. This group comprises 5 cases in which the fracture 
occurred with inversion and in flexion trauma. Usually this 
type of trauma causes distortion and dislocation, both subtalar 
and in Chopart’s joint, but often the dislocation is accom- 
panied by fracture of the astragalus, and I think that these 



Fig. 5. 

Same ease as Fig. 4, immediately after operative reduction. 


5 cases should be considered to have occurred in this way. 
though usually the dislocations were not seen here in the 
hospital. The traumas were of various kinds: falling from a 
height, motor accident, falling off a bike, stumbling while 
playing, faulty jumping: in several cases the fracture caused 
compression of both the head of the astragalus and the os 
naviculare. 
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I'i}:. " i.ivcr, :i!i e.vimplc Ilf this injury: tile patient was run over by 
a wa|!on !1 months before itdmission ,* there is marked compression of the 
head of the a-draftalus and medial dislocation of the navicular bone. 

III. In the four ruses in this group there was :> history of 
direct trauma. In .'I of the eases a heavy object fell down on 
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Same case as I '’iff. -I. Photo taken -1 months after the reduction. Pro- 
nounced sclerosis of the body, but no compression. Normal joint surface. 

the fool, producing an open fracture in 2: the fourth case was 
due to a gun-shot injury. In all. the fracture was untypical, 
involving chiefly the body. 

IV. Finally, there arc a eases which I have not been able 
lo place in any definite group from the available data. 

It will he seen that this etiological classification corre- 
sponds roughly and with several exceptions to an anatomical 
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grouping, the dorsiflexion traumas involving especially the 
neck, inversion traumas the head, and direct traumas the 
body. 

It is the protracted sequelae of fractures of the astragalus 
which brings the patients to seek orthopaedic treatment. There 
are three main sequelae: necrosis of the body with com- 
pression, arthrosis, and deformity of the foot. The reasons 



Fig. 7. 

Inversion fracture. Compression of the head of the astragalus and medial 
dislocation of the navicular hone. 

why these three sequelae are frequent in fracture of the 
astragalus have already been discussed. 

Necrosis : 5 cases presented radiographic signs of necrosis 
of the body, and in 2 necrosis was the direct cause of com- 
pression of the body. Further, this compression may be the 
cause of arthrosis as well as of deformity. It should be the 
aim of the treatment to prevent it by means of prolonged 
protection from weight bearing. We have seen one case with 
compression after 12 weeks protection from weight-bearing, 
and another case without compression after 20 weeks protec- 
tion, which indicates perhaps how long it should be continued. 
Arthrosis: Of the 24 cases II showed radiographic and 
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clinical signs of arthrosis on admission. In 0 the arthrosis 
was most marked in the talonavicular joint; in f> in the lalo- 
ealeanear joint, and in one of these it was also marked in the 
laloerural joint. Arthrosis has appeared as early as 2 months 
after the accident. In (’> cases it was found on admission of the 
patient within one year after the accident: and the longest 
time for its appearance was -1 ! years. In some cases, rather 
slight displacement of the joint surfaces has caused severe 
arthrosis, while, conversely, seven* injuries may give lesser 
sequelae, especially if they cause spontaneous ankylosis. 
Arthrodesis has been considered for all these 11 cases of 
arthrosis: it was performed on 7 patients— (5 times as a sub- 
talar arthrodesis, once as a panarticular arthrodesis. 

Deformity : The deformity after poor union of a fracture 
of the astragalus is generally said to he a pes equino-varus, 
a traumatic eluh-foot. However, valgus deformities are also 
seen in some eases. Marked deformity was found in 13 of our 
patients: varus in 0. valgus in -I. Valgus deformity was found 
after fracture of the neck with dorsal opening of the angle. 
With this deformity, on the whole, the astragalus has a similar 
form as in pes plano-valgus with a very wide inclination angle, 
so that the valgus deformity is easily explained, (of. Fig. 1.) 
This was the pathogenesis in 3 of the -1 eases, while the fourth 
patient had no deformity of the astragalus, hut in addition 
to the fracture he had had a subtalar dislocation, which 
probably caused insufficiency of the fool. 

Of the nine patients with varus deformity a had com- 
pression of the body, either as a direct result of the fracture 
of the body, or secondary to its necrosis. If the patient is first 
examined only long after the accident it may he impossible 
to decide which is the case. When the injury to the body leads 
to a varus deformity if is probably due to the fact that some- 
how the compression has mainly occurred in the medial part 
of the corpus. In 2 other cases the varus deformity appeared 
after an inversion trauma. In 2 cases the reason for the varus 
deformity was somewhat obscure. 

The present material gives no occasion to discuss the treat- 
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ment of the fresh fracture. In the treatment of its sequelae, 
arthrodesis holds a prominent position. As already mentioned, 
this material is made up chiefly of severe consequences of the 
fracture, and there was no indication for an arthrodesis in 
only 7 out of the 24 cases. In 8 cases, arthrodesis has not yet 
been performed for various reasons: it has been done in 0. — 
as subtalar arthrodesis in 8 and panarticular in one. The 
indications have been arthrosis or faulty position or, most 
often, both. Varus deformity has been a contributory indica- 
tion in 6 cases, valgus in 3, and arthrosis in 7. 

We have obtained information on the results of the opera- 
tion, either at out-patient examinations or from written 
questionnaries answered by the patients from 3 to S years 
after the operation. On the basis of these data I have estimated 
the results as being good or fair in 5 cases and unsatisfactory 
in 4. All the patients, however, are able to carry on their 
previous occupations, but those who are termed unsatisfactory 
have reduced working capacity and have to wear hand-made 
footwear. Reexamination showed that in 3 a considerable 
degree of varus deformity was the cause of the permanent 
disability. So, I think that this material justifies the con- 
clusion that arthrodesis is indicated in severe sequelae of 
fracture of the astragalus, and that it may be expected ‘n 
have a good result, provided that a possible varus deformity 
is fully corrected by the operation. The good prognosis asso- 
ciated with the arthrodesis should lead to the following prin- 
ciple: Excision of the astragalus, which used to be recom- 
mended in all severe fractures of this bone, should be avoided 
as far as possible. 


S U M M A R V 

A series of cases of fractures of the astragalus — from the 
Orthopaedic Hospital in Aarhus — is presented: it consists 
chiefly of cases with severe sequelae to the fracture, and in- 
cludes only 3 recent cases. 

There are altogether 37 cases: the posterior process of the 
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astragalus was fractured in 18. ami the astragalus proper 
in 21. 

The fractures are classified according to their origin, and 
examples of the various forms are given. 

Mention is made of the late sequelae: necrosis of the head, 
arthrosis, and deformity. 

Tl»e writer emphasises both the importance of prolonged 
protection from weight-hearing on the fresh fracture in cases 
with necrotic changes in the body in order to avoid com- 
pression. and the value of arthrodesis in the treatment of 
sequelae. 


k i: s r m i: 

Une serie do cas de fractures de Pastragale — de l’llopilal 
Orthopddique d’Aarhus (Danomark) — - sont rapportes: il 
s’agit principalement de soqurlles de fractures. 8 cas seulc- 
menl etanl rerents. 

Les observations portent sur 87 cas an total: fracture de 
1’apophyse de 1’aslragalc 18 cas et de l'astragale proprement 
dile 2-1 cas. 

Les fractures out etc classees d’apres lour origine ei il est 
donne ties exemples de lours formes varices. 

11 est fait mention des sequel les tardives: necrose de la 
tote de raslragale, arthrose el deformite. 

L'auteur souligne a la fois rimportance qu’il v a a pro- 
tegee de lout poids pendant Ires longlcmps la fracture fraiche 
quand il v a des modifications necroliques du corps de l'aslra- 
galc. afin d’eviler loule. compression. el la valour dc l'arthro- 
dese dans Ic trailemcnt des sequelles. 


7 . U S A M M 1-: N F A S S U X C. 

Line Reihc von Fallen von Talusfraklurcn — aus dem 
Orthopiidischen Krankenhaus in Aarhus — werden milge- 
teilt : das Material besleht liauptsachlich aus Fiillcn mil 
Sequelae dcr Fraklur und enthall nur 3 frischc Fiille. 

Es umfassl insgesamt 87 Fiille; dcr Processus posterior 
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tali war in 13 Fallen gebrochen und der Talus selbst in 21 
Fallen. 

Die Frakturen werden nach ihrer Ursache eingeteilt, und 
fur die verschiedenen Formen werden Beispiele gegeben. 

Die Spatfolgen werden erwahnt: Caputnekrose, Arthrosc 
und Deformitat. 

Verfasser betont die Bedeutung einer prolongierten Immo- 
bilisierung und Entlastung der frischen Fraktur in Fallen mil 
nekrotisclien Veranderungen des Corpus zur Vermeidung einer 
Kompression sowie den Wert einer Arlhrodese bei der Behand- 
lung der Sequelae. 




FROM THE ORTHOPAEDIC CLINIC, LUND, SWEDEN. 
HEAD: PROFESSOR GUNNAR W Hi ERG 


BACK PAIN IN RELATION TO THE NERVE SUPPLY 
OF THE INTERVERTEBRAL DISC 

II Y 

GUNNAR WIBERG 

The problem of the genesis of pain in the hack is as in- 
teresting as it is difficult. In view of the remarkable frequency 
of the different pains in the back, it is surprising that the pro- 
blem has not been more studied than it has. But this becomes 
perhaps more understandable, when one approaches the sub- 
ject more closely and discovers all the difficulties connected 
with this problem. 

Although pain occurs in all parts of the back, it is most 
common in the lumho-sacral reg ion, and I will confine my 
remarks to this region. Our recently acquired knowledge of 
sciatica and disc prolapse may shed some light on the subject 
and is a further reason for confining discussion to this part 
of the hack. 

The pain may arise from a number of tissues. Muscles, 
ligaments, intervertebral discs, intervertebral joints, and per- 
haps even the hone itself may be the origin of the pain. An 
earlier much advocated theory proposed a myalgic origin 
for the pain, and I need only mention Folkc Unlisted C s big 
work on the subject. We have, however, gradually abandoned 
this explanation, which, though the possibility of a muscular 
origin cannot be entirely excluded, now seems less likely. 
For instance, night pain may occur and even waken the pa- 
tient, and it docs not seem likely that a resting muscle would 
cause such pain. 

Lcriche. and Jung were able, in a number of cases of back 
pain and reduced disc space, to make the pain disappear and 
the disc space increase by the injection of local anaesthetic 
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round the vertebral {todies. They considered that this would 
he satisfactorily explained if the pain arose from the liga- 
mentous coverings of the disc, and caused a contracture and 
narrowing of the disc. They do not discuss whether the pain 
should he regarded as arising directly from the nerve fibres 
in the ligament, or whether its real origin was the muscle con- 
tracture due to the irritation. 

Meanwhile, it seems that a study of the nerve supply to 
tin's part of the hack might he of some value in this question, 
and Luschkn and Hovelaquc and. more, recently Iioofc have 
studied tins aspect. 

Lunch fin was the first to demonstrate a special nerve 
which arose just distal to the spinal ganglion, joined a sym- 
pathetic branch and passed into the spinal canal where it 
split up into branches. He called it the sino-vertebral nerve. 
Some of the end brandies ended at Hie base of the neural 
arch, and tie believed that they probably entered the hone. 
Ollier brandies followed the vessels, and others were dis- 
tributed in the space between the dura and the ligaments 
of the spinal canal. 

Ilnv claque, made similar anatomical investigations, but 
came in pari to different conclusions. lie. however, gave no 
information about the part of the hack, which is in this 
connection of most interest, namely, the lumbar regionj-one 
may perhaps assume that this region does not differ from 
the thoracic and sacral regions. Hovelaquc, like Luschka . 
believes that the sino-vertebral nerve is formed by a cerebro- 
spinal and a sympathetic root, although sometimes there may 
tie two roots of the same type. The roots either unite early, 
so that a single stem passes Hi rough the intervertebral for- 
amen, or taler, within the spinal canal. The common stem, 
when welt inside Hie canal, breaks up into end branches, 
which end as fine fibres in Hie dura. Hie outer surface of 
the vertebral bodies, the ligaments and the vessels. Hovelaquc 
did not confirm Luschka' s findings that Hie sino-vertebral 
nerve divided into proximal and distal branches which ana- 
stomosed with the nerve above and below. 
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Longitudinal section of nerve fibre in outer layer of the ligamentous 
covering of the intervertebral disc, (silver staining according to 

(irosa-SchitUzt'). 


The American worker, ltoofc, (19-10). found that a recur- 
rent branch was given off just distal to the ganglion, ran into 
the spinal canal through the intervertebral foramen, and 
passed down as a main stem to he distributed in the ligaments 
one or two vertebral levels below its entrance. 

In order to form my own opinion on these macroscopic 
findings I have dissected a number of specimens of the lower 
lumbar vertebrae and sacrum. The posterior skeletal parts 
(the spinous processes, the vertebral arches and the inter- 
vertebral joints) were removed, and the dural sac and the 
nerve roots leaving it were exposed. It was found that it "’as 
easier to make the dissection on cpiitc fresh material, which 
bad not been hardened in formalin, and 14 peripheral nerve 
roots and spinal ganglia have been dissected out in this way. 
It was often difficult to distinguish between the very fine 
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Transverse section of nerve in the ligamentous covering of (he inter- 
vertebral disc, (silver staining according to Gross-Schultzc). 


nerve fibres and the vessels, and in some instances their real 
nature had to he determined later histologically. Usually I 
found that a nerve (V2-I mm. thick) arose distal to the 
ganglion, passed hack through the intervertebral foramen, 
and immediately divided in the spinal canal into end branches, 
which ran toward the base of the spinous process and the 
ligamcnlum flavum. In some cases there was also a smaller 
nerve arising distal to the ganglion, which joined with a branch 
from the sympathetic. This combined nerve also passed 
through the intervertebral foramen into the spinal canal, where 
it soon broke up into branches to the ligamentous tissues, 
particularly in the neighbourhood of the disc. 

The dissection of the fine terminal branches in the skeleton 
is sometimes particularly difficult, and I think this is the 
reason for the different findings of different workers. It seems 
at any rate to he certain that a recurrent branch arises distal 



lo the ganglion and is joined by a branch from the sympathetic 
chain (in most cases). The brandling of the nerve may 
vary considerably, and the different branches may join each 
other. 

It was necessary to supplement these macroscopic findings 
by microscopic examinations, paying particular attention to 
the. disc and the ligamentous connections between the vertebral 
bodies. 

,/ Jiuif/ and Hriinschwiij, two of Lcrichc s pupils, investigated 
the intervertebral disc and the nerve supply of the surrounding 
ligaments. They came lo the conclusion that the nucleus 
pulposus and annulus fibrosus contain no nerve tissue, but 
that there are nerves in the surrounding fibrous ligaments. 
The anterior border of the disc would have a particularly 
plentiful nerve supply, i.e. in the attachments of the anterior 
longitudinal ligament to the annulus fibrosus, while the lateral, 
and even more the posterior, borders would be less well 
supplied. The nerve branches always appeared to end in the 
inner part of the connective tissue layer of the ligament, and 
these workers were not once able to find nerve branches in 
the outer layer of the annulus fibrosus. They also thought 
that the nerves contained sympathetic fibres. 

My own histological studies on the innervation of the inter- 
vertebral discs were made on specimens taken from adults 
and from full term foetuses, the lumbar discs being examined. 
In the first series 0 discs were sectioned. After fixation in 
10 % formaldehyde, frozen sections 20-30 mm. thick were 
made. The sections were silver-stained according to Gross- 
SchuUzc’s method, which stains the axis cylinders of the 
nerves. In 2 of the 6 cases, nerve fibres could definitely he 
demonstrated; in one there was a longitudinal and in the 
other a transverse section of the nerve fibre. In both cases 
the nerve lay in the outer part of the ligament. No nerves 
were seen in the annulus fibrosus or nucleus pulposus. In 6 
adult cases the vertebral bodies and their ligaments were also 
examined, and in these eases the specimens were decalcified 
after fixation in 10 % formaldehyde, embedded in paraffin 
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wax and stained by Bocliciri’s method. No nerves were seen 
in the vertebral bodies, or in the ligamentous coverings. 

This part of the investigation was particularly difficult, 
since the decalcification appeared to be a very harsh treat- 
ment for the nerves’ delicate structure. For this reason, the 
series of foetal preparations is being studied, in the hope that 
more positive findings will be obtained after the less harsh 
treatment which they require. These investigations are not 
yet complete. 

It is certainly desirable to supplement these examinations 
of the macro- and microscopical nerve supplies of the inter- 
vertebral disc by studies of living material, and one would 
expect operations for disc prolapse to provide a satisfactory 
opportunity. It should be possible to discover by palpation 
how pain originates in the different parts of the back. There 
are, however, practical difficulties, since palpation affects more 
than one part (intervertebral disc, vertebral body, nerve root, 
ligament, intervertebral joint, etc.). It is not possible to know 
whether palpation of one part, e.g. the surface of the vertebral 
body, may not cause pain from the intervertebral disc, due to 
movement. 

However, during the last 3 years, various tests have regul- 
arly been made at operation, in spile of these drawbacks; and 
generally speaking I can agree with Sparling and Grantham's 
findings, that palpation of an intervertebral disc causes pain 
in the back; and I think that the results of palpation can even 
be more exact. The operations are now performed under a 
local anaesthesia (confined to the skin, subcutaneous tissues 
and muscles), which has no action on the nerve roots; Ibis 
can be demonstrated by palpation of the root, which always 
causes acute root pain. 

Touching the ligamentum flavum caused no sensation; 
this is well known to all surgeons of disc prolapse, as the liga- 
ment can be divided without any anaesthesia. In most sub- 
jects, firm pressure on the posterior surface of the vertebral 
body caused no pain, and in the few. among 200 operated 
cases, who fell pain, it could be explained as arising from a 
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change in the relative positions of the vertebral bodies causing 
pain from the intervertebral disc. On the other band, touching 
the disc itself caused pain of lumbosacral distribution in nearly 
all eases, and the patients staled that it felt as if the pain was 
inside the back. In some cases it was possible to palpate the 
disc without a preliminary anaesthetic injection of the nerve 
root, but in most the root bad to be anaesthetised before the 
posterior part of the disc could be exposed for palpation. No 
difference between the results of these two groups was found, 
and in view of our knowledge of the recurrent nerve branches 
Ibis must be interpreted as evidence that the disc has a nerve 
supply in addition to the recurrent nerve, since no pain could 
pass through the anaesthetised root. There are two possible ex- 
planations: either, in accordance with Ronfc ' s studies, a branch 
of a recurrent nerve supplies lower discs, or the pain is trans- 
mitted by the recurrent nerve of the opposite side. Naturally, 
one does not often have the opportunity to extend the examina- 
tion and anaesthetise most of the nerve roots on one or even 
both sides. In some cases, however. I have been able to do this, 
and have tried to produce pain when two roots on the same 
side have been anaesthetised. Pain could still be elicited from 
both the segmental intervertebral discs, and no conclusions 
can be drawn. The explanation may be one of those suggested 
above, cither the recurrent nerve branch supplies the inter- 
vertebral disc two vertebrae lower, or the recurrent branch 
from the opposite side transmits the pain. 

In some cases an elevator was inserted into the intervert- 
ebral disc after the prolapse had been removed, to find whether 
touching the surface of the vertebral body facing the disc 
caused pain; the result was always negative. 

Although these anatomical, histological and clinical in- 
vestigations do not form a definite proof that pain in the back 
arises in the intervertebral disc, or, more accurately, in its 
ligamentous coverings, one may venture to say that there are 
considerable points in favour of this hypothesis. Disc degenera- 
tion causes a certain instability between the vertebrae, and 
thus there arises the possibility of strain on the ligamentous 



IUCK PAIN AND NERVE SUPPLY OF DISCS 


211 ) 


covering of the disc. Distraction, which is impossible under 
normal conditions, may occur, causing pain in the nerves in 
the ligament. 

In this connection I should like to put forward a further 
idea, which may perhaps he regarded as support of this con- 
ception. 

The condition is well-known in which a patient with acute 
lumbago, a few hours, or perhaps a few days, later gets a 
true sciatic pain which is found at later operation to he due 
to a prolapse of the intervertebral disc. 

It is natural to seek a common explanation for the lumbago 
and the sciatica, and it remains only to ask whether the 
lumbago is not also explained by the disc prolapse. 

Andersen suggested that when the annulus fibrosus rup- 
tures under strain, bleeding occurs into the tissues and causes 
pain. Waldenstrom has suggested that when a part of the disc 
passes through a rupture in the annulus and reaches the 
surface, it first meets the nerve fibres in the periphery of the 
root, and it is the irritation of these which causes the lumbago. 
If the rupture extends further the deeper fibres within the 
root are compressed, and sciatic pain results. 

For myself, I think that it is conceivable that the ruptured 
disc which is found in disc prolapse from whatever cause 
(awkward movement, severe strain), shifts forward to the 
ligamentous coverings and presses on this nerve-containing 
tissue; this causes a severe pain in the form of an attack of 
lumbago. If the disc shifts still further, and reaches the nerve 
root, sciatic pain also develops. 

Thus, this conception of the origin of the pain from the 
ligamentous covering of the disc would explain both the 
chronic lumbar pain of insufficiency, and its development 
into a more acute type of lumbago. If we presume this so far 
hypothetical explanation to he correct, the genesis of back pain 
is found to he unified. 
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S U M M A H V 

The author has dissected preparations of the lumbar and 
sacral spines, and, like Luschka, Ilovclaqnc and lloofe, was 
able to confirm the existence of a nerve which arises distal 
to the ganglion, passes hack through the intervertebral foramen 
into the spinal canal and there divides up. The presence of 
nerves in the intervertebral disc has also been investigated 
microscopically, and fibres were found in the ligamentous 
coverings of the disc. Examinations made at disc operations 
showed that pain could be caused by touching the surface 
of the disc, but not by touching the surfaces of the vertebra 
or the ligamenlum flavum. Like I, c riche and Jung, the author 
believes that it is conceivable that pain arises from the liga- 
mentous covering of the discs. 


R h s u M K 

L’autcur a pratique la dissection dc preparations dc la 
eolonne verlebralc lombo-sacree ct coinmc Luschka, Ilovclaqnc 
el Hoofc, il a pu pcrcevoir un nerf s’eloignant du ganglion et 
rcvenanl par le Iron de conjugaison dans lc canal rachidien 
pour s'v divisor en plusieurs branches. II a procede par ailleurs 
a rexamen microscopique des nerfs qui apparaissent dans les 
menisques et il a pu decouvrir des filets dans Ic tissu fibreux 
recouvrant lc disque. Des examens partiques a l'occasion 
d’operalions dc menisques out prouve qu'il est possible de 
declcnchcr line doulcur par la palpation de la surface du 
menisque ct non par la palpation des surfaces du corps dc la 
verlebre ou du ligamenlum flavum. Coinmc Lcriclic et Jung, 
l’auteur cslime qu’il est probable que le declenchement de la 
doulcur provicnl du tissu fibreux recouvrant les menisques. 


Z U S A M M E X F A S S U X G 

Dcr Verfasscr hat Sezierungen am Lumbosakralriicken 
vorgenommen und konnte, ebenso wic Luschka. Ilovclaqnc 
imd Roofc, einen distal vom Ganglion abgelienden Nerven 



BACK PAIN AND NERVE SUPPLY OF DISCS 


221 


feststellen, der via foramen interverlebralc in den Spinalkanal 
zuriickkehrt und sich dort verzweigt. Weitcrliin wurdcn ini- 
kroskopische Untersuchungen iiber das Vorkommen von Ncr- 
ven in den Zwischenwirbelschciben durchgcfiihrt. Nerven- 
fasern konnten in den Iigamentosen Bekleidungen der Schei- 
ben nachgewiesen werdcn. Untersuchungen im Zusammen- 
hang mit Diskusoperationen haben erwiesen dass cine 
Sclimerzauslosung durch Beriihrung der Scheibenoberflachc 
aber nicht durch Beriihrung der Wirbeloberflache odcr lig. 
flavum geschehen kann. Verfasser ist der Meinung ebenso 
wie Leriche und Jung, dass die Sclimerzauslosung wahrschein- 
lich von der Ligamentbeklcidung der Zwischenwirbelschciben 
ausgeschieht. 
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A N A T O M V 

Abnormal mobility between two vertebrae had previously 
been observed both at autopsies and operations. In 1044 Knuls- 
son showed that, in certain cases, hypermobilily between two 
lumbar vertebrae could be demonstrated roenigenologicnily, 
that in bending forward there was anteposilion and in bending 
backwards relroposition of the crania! to the caudal vertebra. 
This abnormal mobility which we have called instability 
of the vertebrae was observed both with other roentgenological 
signs of disc degeneration and as an isolated phenomenon. 
When it occurred alone. Knulsson regarded it as an early 
sign of degeneration of the intervening disc. Palho-analomi- 
cally this has not vet been confirmed. 

We have made a palho-analomical study of the lumbar 
discs with special regard to cases with radiographic signs of 
degeneration and to cases where instability occurred as an 
isolated phenomenon. The material consists of 100 spines i.e. 
500 lumbar intervertebral discs from autopsy eases. The age 
variation is shown in fig. 1 below. The spines were taken 
from patients who had died from c.g. ulcer, trauma, circula- 
tory disturbances etc.; those dying from infection or metastatic 
tumours were excluded. 

The material was selected. We tried to have cases from all 
age classes but wc were mainly interested in those between 
the ages of 21 and 50 years. The lumbar spine was dissected 
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1-10 years 

* 

9 

11-20 „ 


4 

21-30 „ 



21 

31-40 „ 


17 

41-30 „ 


21 

51-60 „ 


12 

61-70 „ 


12 

71-80 „ 


3 

81-90 „ 


1 


100 cases 

Fig. 1. 

The table shows the number of post mortem cases in each age group. 


out with the sacrum and fixed in a vice, and as soon as 
possible after death, in most cases after a few hours, at room 
temperature, the preparation was flexed and extended without 
force and X-rayed in the different positions. After a short 
period of formalin fixation the intervertebral discs were 
removed by horizontal section and macrophotographed. Mi- 
croscopical examinations were made on the material: 
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Fig. 2 . 

The frequency of the different changes seen on the radiographs. 


Roentgenological signs of disc degeneration, i.e. reduced 
disc space, osteophytes and sclerosis, were observed in 2U 
spaces (17 cases), and instability in 17 spaces (15 cases): 
12 of these were in the fourth disc. 
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Tin* nucleus puipnsus shows regressive changes quite 
early (Schmor! and others). With increasing age the fluid 
content decreases, the fibrous structure increases, and the 
delimitation from the annulus becomes less marked. It seems 
that these changes should he regarded as lying within the 



Radiograph of case . r >f>. The disc space between LI and L2 is rather 
narrower than is normal. Slight osteophyte formation on the lower 
anterior border of 1,1. The L2-l.il space is normal. L.’l vertebra is slightly 
retroposed to L-L and there is a small osteophyte on the upper anterior 
border of 1,4. L4-5 space shows no abnormality. The lumbo-sacral space 
is narrow, and the edges of the vertebral bodies are sclerotic. 


frame of normal physiological processes rather than as a 
pathological degeneration. 

The difficulty is to decide when the condition is really of 
pathological significance. Our investigation has convinced its 
that definite degeneration must he presumed when ruptures 
arc to he observed in the annulus. 
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Fig. 

Sections of the 5 lumbar discs of Case 56. Cf. radiograph in fig. 3. There 
is degeneration of the 1st, 3rd, 4th, and 5lh discs. L5 disc is completely 
destroyed. The changes are most marked anteriorly in LI, and posteriorly 

in L3, 4 and 5. 

The following observations have been made on discs show- 
ing radiographic evidence of degeneration. The type and locali- 
sation of the ruptures in the annulus are different at different 
levels of the lumbar spine. In the upper part they are more 
or less concentric, and in severe cases they may be found 
all round the annulus, equally anteriorly and posteriorly. In 
the two lower discs the degenerative changes occur mainly 
posteriorly, and often show a characteristic configuration. 

Fig. 3 shows a lateral radiograph of a lumbar spine 
which has examples of different degrees of disc changes, slight 
changes in the first disc, very advanced degeneration in the 
fifth. Fig. 4 shows the cross sections of the discs. In the first 
disc there are definite changes all round, especially anteriorly 
and centrally. The third and fourth discs have, in spile of 
very slight radiographic changes, definite ruptures poster- 
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Radiograph of case SO. Post-mortem case. > 
a. spine in flexion. Normal height of disc spaces, 
extension without forcing. The L4 vertebra is displaced back- 
intervertebral foramen is considerably reduced between L4 
and La, compared with the upper foramina. 


iorly, though they arc intact anteriorly. The fifth disc is 
completely destroyed. 

^ hen instability was present alone, without other radio- 
graphic sign ot degeneration, the changes in the discs were the 
same as in those with narrowed interspace. The anatomical 
changes may he considerable, even though the radiograph 
shows only hyper-mobility. 

Fig. 5 is a radiograph of a lumbar spine with instability 
of the fourth vertebra, and fig. 6 shows the fourth disc in 
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cross section: a sagittal, irregular, perforating rupture runs 
right through it posteriorly, and by a T-shaped division 
undermines a fairly large part of the annulus towards the 
intervertebral foramen. This is a common picture. 



Fig. 6. 

The unstable L4 disc from post-mortem case no. SO. Cf. radiograph in 
fig. 5. T-shaped ruptures in the posterior part of the disc running towards 
the intervertebral foramina on both sides and undermining the whole 
posterior border of the annulus fibrosus. 



Fig. 7. 

Intervertebral disc with partial ruptures within the poslcro-lateral borders 
of the annulus fibrosus. The nucleus pulposus flows out in the area 

of the rupture. 

A total or subtotal interruption of the continuity of the 
fibrous structure of the annulus was noted in 10 out of the 
17 cases with instability. 


15 Acta orthopaedics, Vol. XIX. 2 
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A common feature of degeneration of the two lower discs 
seems to be the presence of ruptures, radiating from the 
centre posteriorly and postero-lalcrally, and surrounded by 
smaller ruptures. The larger, main ruptures usually extend 







Fig. S a. 

Intervertebral disc with ruptures running through the posterior part of 
the annulus fibrosus in the midline. 



j Fig. S }>. 

Intervertebral disc with perforating ruptures through the postcro-lateral 
part of the annulus fibrosus out towards the intervertebral foramen. 

either sagilally or towards the intervertebral foramen. See 
figs. 7 and 8. 

The sagittal ruptures very often divide, as in fig. 6, the 
lateral ruptures running more or less concentrically towards 




230 


FRIBEHG & IHKSCH 


the foramen. The whole posterior ])art of the disc may be 
affected in this way, although as a rule there is no prolapse. 

In connection with the annulus ruptures, a special ar- 
rangement of the fibrous structure, apparently dependent on 
the localisation of the rupture, has sometimes been observed. 



Fiu. 11. 

Case 59. Normal radiograph of the lumbar spine. 

On the surface section the fibrous tissue appears to he “flow- 
ing out” towards the outer layers of the disc through the 
fissure. See figs. 7 and 8b. This may well be the case. With 
more pronounced ruptures in the annulus there is some re- 
traction of its fibres, and tissue begins to be squeezed out 
through the ruptures because of the pressure within the disc. 

In the fourth and fifth discs the anterior parts are gen- 
erally intact, even with very advanced changes posteriorly. 
Fig 9a, b. 

Among 500 discs, were found 11 prolapses, all backwards 
and all in the two lower interspaces. In all there were pro- 


STUDIES ON LUMBAR DISC DEGENERATION 


231 


nounced ruptures of the annulus, and a more or less fibrous 
structure of the nucleus. Fig. 10 shows a L4 disc. Postero- 
laterally run two large ruptures, which mark a concealed 
prolapse in statu nascendi. This is a not uncommon picture. 
In all 11 prolapse cases there were, in addition to the trans- 
verse ruptures in the annulus, structural changes of the same 
kind as in the cases of disc degeneration described above. 



Fig. 12. 

a. The disc between L4 and L5 in Case 59. Cf. the radiograph in fig. 11. 
The disc shows early degenerative changes in the central posterior area, 

though no changes are seen on the radiograph. 

b. The lumbo-sacral-disc of Case 59. Cf. radiograph in fig. 11. Necroses 
and collapse in the whole posterior part of the disc. There arc numerous 
ruptures in the annulus fibrosus. No changes are seen on the radiograph. 

The prolapse is a part phenomenon in a general degeneration 
of the disc. 

Above, we have been discussing the appearance of discs 
which radiographically showed narrowed interspace, sclerosis 
and osteophytes, or instability. However, ruptures in the 
annulus, and fibrosis and necrosis of the nucleus have been 
observed macroscopically in many cases over 30 years of age. 
Instability may seem to be an early roentgenological sign of 
disc degeneration, but it presupposes advanced changes in 
the structure of the disc, and when narrowed interspace, 
sclerosis, etc. occur, the changes are marked. On the other 
hand, it must be pointed out that negative radiographic 
findings are no proof that the disc is intact. A normal radio- 
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graph may conceal not inconsiderable degenerative changes 
(sec figs. 11 and 12). 

CLINIC A L 0 13 S E II V A TIOX S 

The anatomical study just described impelled us to seek 
to establish on a clinical material how far disc degeneration 
could be observed roenlgcnologically. Therefore, to supple- 
ment the anatomical study we have investigated the cases 
examined and treated for “back trouble” at the Clinic during 
the years 1936-1946. Cases with tumours and T.B. have been 
excluded from the material, which comprises the diagnoses 
lumbago, lumbago-sciatica, disc degeneration, insufficicnlia 
dorsi, spondylosis deformans, spondylolysis, spondylolisthesis, 
sacralisations, hcmi-vcrlebrac and other congenital abnormal- 
ities. During these 11 years 15,160 cases were seen, and 
9419 patients, were radiographed. Only the latter will be dis- 
cussed. Some were not radiographed during the war because 
of shortage of films, and some simple cases of dorsal in- 
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Fig. 13. 
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sufficiency were treated without radiography; some brought 
radiographs from other clinics, and afterwards it was not 
possible to form a definite opinion about them. Roentgenologi- 
cal signs of disc degeneration were found in 3,672 (39 %), 
see fig. 13. 



Fig. U. 

Age and sex distribution of the cases with disc degeneration. 


In the table are included only cases where a diagnosis of 
disc degeneration was' made the first time the patient was 
radiographed. A patient who, for instance, visited the Clinic 
in 1936, but was not examined radiographically until 1938. 
was registered in 1936. In this way the percentages for the 
first few years have come to be somewhat higher. During the 
earlier years of the table our attention was not so . closely 
directed to disc degeneration, and this may to a certain ex- 
tent explain the comparatively low proportion of diagnosed 
disc degenerations. During the years 1939-1942 the percentage 
of disc degenerations diagnosed on the bases of narrowed 
interspace, sclerosis and osteophytes, was comparatively con- 
stant. But since 1943 when our radiologist, Ivnulsson, began 
to rise his instability tests, i.e. bending tests, the curve for 
diagnosed disc degeneration showed a definite rise. During the 
later years, roughly half of all the patients seen in the Clinic 
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because of low back pain have shown radiographic signs of 
disc degeneration. 

Out of the 3,672 cases with disc degenerations, 2.081, or 
57 %, were men, and 1,501, or 43 %, women. 1,530, or 74 % 
of the men were labourers. We have classed as labourers per- 
sons who, in the course of their work, have to lift and carry 
heavy objects. This classification is necessarily subjective, 
and its limits arc mostly rather vague. The figures we have 
found scarcely support the belief that heavy manual labour 
plays an' important part in the causation of lumbar disc 
degeneration. The percentages 74 % and 26 % — respectively 
— roughly represent the proportions of manual labourers and 
others in the community at large, and, in addition, the sex 
distribution docs not show the preponderance of men which 
would be expected if heavy manual labour were of decisive 
importance. 
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Fig. to. 

The site of the degeneration in 2104 eases with degeneration of an inter- 
vertebral disc. Radiographed 1944-G. 

The majority of the patients with disc degenerations 
diagnosed radiographically were found in the age group 
31-50 years, see fig. 14. The men show the highest frequency 
in the ages 31-40 years, the women in 41-50 years. It should 
be mentioned here that the great majority of cases coming 
to the Clinic have long-standing symptoms, usually resistant 
to therapy elsewhere. 

The table does not show the age incidence of disc degenera- 
tion, but the age at which the patients have come to the Clinic, 
i.e. at the time when the symptoms were most pronounced. 
Patho-anatomically the degenerative changes in the discs are 
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progressive, and if there was full conformity between the 
degree of degenerative change and the symptoms, this would 
mean that the frequency would increase with the age. The 
curve seems to justify the assumption that the symptoms are 
to a certain extent transient, though healing, used in a patho- 



Fig. 16 . 

The same shown diagramatieally. Cf. fig. 15. 


anatomical sense, does not occur. In principle, the disc dege- 
neration is an osteoarthritis, and it seems that in a similar 
manner the reactive changes in and around the disc may 
finally lead to a loss of its function with a consequent reduc- 
tion of the symptoms. 

The first part of this paper shows that instability is con- 
nected with disc changes, which conform in principle with 
those which are to he observed in radiographic disc degenera- 
tion. After the publication of Ivnutsson's observations in 101-1, 
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cases with instability without other radiographic abnormality, 
or with only slight signs of disc degeneration were studied. 
During the years 1944-1946, instability without other signs 
of disc degeneration was observed in 303 (15 %) out of 2,104 
cases of disc degeneration. The distribution of tbe different 
degenerated discs in these 2,104 cases is shown in fig. 15. 

Almost half, or 47.6 % of the degenerations were localised 
to the fourth disc, and in 75.2 % to the fourth and fifth discs. 
It should be noted that 27.6 % for the fifth disc is probably 
a minimum figure in view of the difficulty of detecting chan- 
ges in this often physiologically thinner disc. 
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The site of the instability in 303 cases with no other sign of disc 

degeneration. 
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The site of the instability in 275 cases 

with other signs of disc 

degeneration. 


Scrutiny of the 303 discs with 

instability alone shows, 

that in 70.3 % the changes were localised to the fourth disc 
(see fig. 17). This is in conformity with the anatomical find- 
ings, where in 12 out of 17 intervertebral discs with instability, 
i.e. 70.6 %, the changes were in the fourth disc. 
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Instability was combined with other radiographic signs 
of degeneration in 275 cases (see fig. 18). In this group instab- 
ility of the fourth disc was observed in 60.1 % of the cases. 


SUMMARY 

100 lumbar spines taken out from post mortem specimens 
have been studied. Thej f were radiographed in various posi- 
tions of flexion and extension, and the stability of the spines, 
i.e. of the discs, was assessed. Other radiographic changes were 
also recorded. The intervertebral discs were sectioned hori- 
zontally, and the changes observed in the nucleus pulposus 
and annulus fibrosus were recorded. Particular attention 
was paid to ruptures in the annulus fibrosus. 

The records of 15,160 patients seen in the Clinic for lumbar 
pain, excluding those with tuberculosis and tumours, during 
the period 1936-1946, have been collected; and the incidence 
of radiographic signs of disc degeneration in the lumbar spine 
has been studied. 

The post mortem material showed: 

1) Disc degeneration acquires patho-anatomical importance 
when the annulus fibrosus begins to rupture. 

2) In the lower lumbar discs the ruptures in the annulus 
were mostly localised to the posterior part of the disc. 
From the centre they were directed either sagittallv or 
laterally backwards to the intervertebral foramen. In the 
upper discs the ruptures were frequently also anterior. 

3) Marked degeneration may be present without any radio- 
graphic changes. Thus a normal radiograph does not ex- 
clude an important degeneration in a disc. 

4) In 16 out of 17 cases with instability there were severe 
changes in the disc and ruptures in the posterior part of 
the annulus fibrosus. 

5) When the radiograph showed reduced disc space, sclero- 
sis or osteophytes, the corresponding disc was severely 
damaged. 
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6) In cases with prolapse of the disc the structure had the 
same patho-analomical characteristics as in cases of simple 
degeneration. Disc prolapse is a part phenomenon of de- 
generation of the disc. 

The clinical material showed: 

1) Radiographic disc degeneration was found in 30 % of all 
the patients that came to the Clinic for “hack trouble”, 
and in 50 % of the material covering the last 2 years of the 
investigation. 

2) 43 % of the cases with disc degeneration were women, 
and 57 % men. 

3) 74 % of the men were engaged in physical work of some 
kind or other. This proportion agrees roughly with the 
country’s proportion of labourers. 

4) The authors found no evidence that heavy physical work 
is the direct cause of the disc changes. 

5) Disc degeneration occurs most frequently (in 47.6 %) in 
the 4th lumbar disc, and in 75.2 % in the 4lh and 5th 
discs together. 

6) In 15 % instability was the only radiographic change. In 
70.3 % [of these] it occurred at the 4th disc. 

7) The investigation shows that radiography does not give 
satisfactory information on the condition of the disc in 
cases of lumbar pain. The instability test is a valuable 
contribution to diagnosis. 


RF.SU M E 

Les auteurs ont examine 100 colonnes lombaires provenant 
d’autopsies. Apres la dissection, ces colonnes ont ete radio- 
graphiees dans differentes flexions ventrales et dorsales afin 
de pouvoir apprecier la stability des vertebres. Des modifica- 
tions radiologiques ordinaires ont etc enregistrees. Des disques 
etaient transperces horizontalement et il y avail des altera- 
tions dans le nucleus pulposus et l’annulus fibrosus. Les 
ruptures de l’annulus fibrosus notamment ont ete eludiees. 
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Les auteurs ont rapproche d’autre part tous les cas clini- 
ques soign.es' a Fhopital pour des douleurs lombaires entre 
1936 et 1946, soit en tout 15,160 cas, en eliminant tous ceux 
atteints de tuberculose ou de tumeurs. Ils ont etudie la fre- 
quence radiograjiliique des degenerations des disques dans 
la colonne lombaire. 

En ce qui concerne le materiel provenant des autopsies , 
cet examen a fait ressortir ce qui suit: 

1. Quand il y a rupture de l’annulus fibrosus, il semble qu’il 
y ait une degeneration certaine du disque. 

2. Les ruptures de Fannulus observees dans les disques lom- 
baires inferieurs ont ete localisees dans la partie dorsale 
des disques, allant soit du centre en arriere, soil en arrierc 
lateralement, en direction du trou intervertebral. Dans les 
disques lombaires superieurs, les ruptures sonl plus fre- 
quemment ventrales. 

3. Il pouvait y avoir des modifications degeneratives pronon- 
cees sans qu’elles apparaissent sur la radiographic. Une 
radiographic normale n’exciul done pas la presence de 
modifications dans les disques. 

4. Lorsqu’il y avait instability, on a trouve dans 16 cas sur 
17 des modifications sensibles et Ton a trouve des rup- 
tures dans la partie posterieure de Fannulus fibrosus. 

5. Lorsque la radiographic a decele une diminution dans 
Fepaisseur du disque, des scleroses ou des osteophytes, les 
disques cartilagineux correspondants montraient des modi- 
fications extremement necrotiques. 

6. Dans les cas oil il y avait prolapsus du disque, les modi- 
fications anatomo-patliologiques presentaient le memo ca- 
ractere que les cas de simple degeneration du disque. Le 
prolapsus du disque fait partie du plienomene de la degene- 
ration du disque. 

Dans le materiel clinique, les observations suioantes ont 
ete faites: 

1. Sur Fcnsemble de ce materiel, on a constate des degenera- 
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tions radiographiqucs dc disquc dans 39 %, pour les deux 
dcrniercs annecs dans 50 % dcs cas. 

2. Sur tons les cas de degeneration du disquc, il y avail 43 % 
dc femmes cl 57 % d’hommcs. 

3. Parmi les homines, 74 % ctaicnl dcs travaillcurs. Ccci 
correspond a peu pres au pourccnlage des travaillcurs 
dans la population masculine. 

4. Les auteurs n’onl pas trouve la preuve qu’un dur travail 
corporel cst la cause directe dc la frequence des modifica- 
tions degeneralives dcs disques. 

5. La frequence dc la degeneration dcs disques dans les 
differenls intervalles lomhaires etablit que le plus grand 
nombre est localise dans le disquc de la 4eme vertebre 
lombairc, a savoir 47,0 %. Dans 75,2 % des cas, les 
modifications du disquc se trouvaient dans les deux dis- 
ques lomhaires infericurs. 

6. On a constate de l’instabilile dans 15 %, sans aulres 
modifications radiologiqucs. Dans 70,3 % dcs cas, cclle-ci 
etait localisee au 4emc disquc. 

7. Celle cnquetc scmble prouver que l’cxamen radiographique 
nc donne pas a lui scul des rcnseigncmenls salisfaisants 
sur l’etat des disques dans les cas de douleurs lomhaires. 
L’epreuve de rinstabilile constilue un precieux apport 
diagnostique. 


Z U S A M AI E X F A S SUNG 

100 Lcndenwirbclsiiulen die dcr Leichc entnominen wur- 
den, sind untersucht worden. Sic wurden in versebiedenen 
Flexions- und Exlensionsstellungen Ronlgenunlersucht und 
die Stabilitjit der Wirbel xvurdc festgestcllt. Ondrc rontgenolo- 
gisclie Veranderungen wurden ebenfalls notiert. Die Zwi- 
schenwirbelscheiben wurden durch horizontalc Schnitte zerlcgl 
und die im nucleus pulposus und annulus fibrosus walir- 
genommenen Veranderungen wurden aufgezeichnet. Besondere 
Aufmerksamkeit wurde den Rupturcn im annulus fibrosus 
gewidmet. Ausserdem wurden insgesamt 15,160 Fiille ge- 
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sammelt, die im Krankenhaus wegen Schmerzen in der Lum- 
balregion wahrend der Jahre 1936 — 1946 untersucht wurden. 
Ausgenommen waren Falle mil Tuberkulose oder Tumoren. 
Das Vorkommen von rontgenologischen Zeichen von Diskus- 
degeneration in der Lendenwirbelsaule wurde studiert. 


Das von der Leiche gewonnene Material zeigte: 

1) Eine sichere Scheibendegeneration ist vorhanden, wenn 
der annulus fibrosus geborsten ist. 

2) In den kaudalen Lendenzwischenwirbelscheiden waren die 
Rupturen im annulus in den riickwartigen Partien der 
Scheibe gelegen und entweder zentral nach hinten oder 
lateral nach liinten gegen das foramen intervertebrale 
gerichtet. In den oberen Scheiben waren die Rupturen auch 
oft im vorderen Anteil zu sehen. 

3) Ausgepragte degenerative * Veranderungen mogen vorhan- 
den sein ohne dass es zu rontgenologischen Veriinderun- 
gen kommt. Daher schliesst ein normales Rontgenbild Ver- 
anderungen in der Scheibe nicht aus. 

4) In 16 von 17 Fallen mit Zeichen fur Instability fand 
man schwere Veranderungen der Scheibe und Rupturen 
im riickwartigen Teil des annulus fibrosus. 

5) Wenn das Rontgenbild einen verininderten Wirbelzwi- 
schenraum, Sklerose oder Osteophytbildung zeigte, waren 
die entsprechenden Knorpelplatten ausgesprochen nekro- 
tisch veriindert. 

6) Falle mit Scheibenprolaps zeigten dieselben Charaktcri- 
stika wie Fiille mit einfacher Degeneration. Der Schciben- 
prolaps ist Teilerscheinung einer Scheibendegeneration. 


Das klinisclie Material zeigte: 

1) Rontgenologiscli wurde Scheibendegeneration in 39 % des 
gesammten Malcriales und in 50 % dcs Materiales der 
letzten zwei Jahre gefundcn. 

2) 43 % der Falle mit Scheibendegeneration waren Frauen 
und 47 % waren Manner. 
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3) 74 % tier Manner haltcn korpcrlichc Arbeit zu verrichten. 
Diese Anzahl stimuli ungefahr iibercin mil der Anzahl 
der Arbeiler ties Landes. 

4) Die Verfasser fanden lteinen Beweis (lass sebwere korper- 
liche Arbeit die dirckle Ursache der Scbcibenvcrandcrun- 
gen ist. 

5) Das Vorkommen von Schcibendcgeneration in verscbiedc- 
nen lumbalen Zwiscbenwirbel rau men zcigl class sic oftest, 
d. i. in 47,6 % in der 4. Lumbalscbeibc und in 75,2 % in 
der 4. und 5. Scbeibe auflritt. 

6) Mangelhafle SlabiliUil war die einzige rdntgcnologiscbe 
Veriinderung in 15 % tier Fiillc. In 70.3 % tret diese in der 
4. Scbeibe auf. 

7) Die Unlersucbung zcigl dass man kcinc zufriedcnslcllende 
Auskunft iiber den Zusland der Scbeibe durcb Ronlgen- 
untersuchung in Fallen von Schmerzcn in tier Lumbal- 
region erhalten kann. Die Inslabililatsprobe ist ein wert- 
voller Beitrag zur Stcllung tier Diagnose. 
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AUS DER CHIRURGISCIIEX ABTE1LUNG DES KRAXKEXHA USES IX 
NORR ROPING, SCHWEDEN (CHEF: DOKTOR ST EX VOX S T A PELM 01IR) 


UEBER DIE HABITUELLE LUXATIO STERNO- 
CLAVICULARIS 

VON 

STEN VON STAPELMOHR 

In Acta Orthopaedica Scandinavica 1932, III, 1 habe ich 
eine Zusammenstellung von in der Literatur publizierten 32 
Fallen von Luxatio sternoclavicularis nebst 4 von Nilsonne 
und mir selbst beobachteten Fallen gemacbt. Sie wurden da- 
mals von mir in kongenitale (A. 2 Fiille) und erworbcnc (B. 
34 Fiille) Luxationen und Subluxationen eingeteilt. Diese 
Gruppe konnte wieder in doppelscitige symmetrische (B:a: 
1 u. 2) und einseitige (B: b 3 u. 4) eingeteilt werden. In den 
beiden Gruppen waren Fiille von traumatiscben und spon- 
tanen Genese. Wenn ich von den einseitigen, ganz trauina- 
tischen Luxationen absehe, die die grossle Gruppe bilden und 
auf welche damals nicht niiher eingegangen wurdc, stellle icb 
6 traumatische doppelseitige und 10 spontane doppelscitige 
(wovon 2 bis dahin nicht veroffenllicbe Fiille 17 u. IS) zu- 
sammen, Ferner erwahnte icb 15 spontane Oder nacb einem 
sebr geringen oder chronischen Trauma aufgetretene Luxa- 
tionen und fiigte 2 neue Fiille zu {35 u. 36). 

Das Alter bei den erworbcnen Fallen fur das erste Auftre- 
ten war zwiscben 8 und 20 Jabren. 19 waren Wciber und 8 
Manner. 

Seitdein sind ab und zu neue Fallen publiziert worden. Da 
icb ferner 2 Fiille obscrviert babe und ein Fall mir aus Lud- 
vika Krankenhaus (Dr. H. Wahren) mitgctcilt ist, will icb 
bier meine Erfabrung aus 1932 ergiinzen und diese beobach- 
teten Fiille und das Operationsresultal nacb einem liingcren 

16 Acta orthopnedlca, Vol. XIX, 2 
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Zcilraum mitlcilcn. 1032 war die Beobaclitungszeil liingst 
3 Jah re. 

Fall 17. (Verfasscr. Siehe hcz.iigl. Publikation S. 9 H. .'<2): Bci tier 
Untcrsuchung l.‘!/8 1918, also inclir als 20 Jahre nach der Operation, kann 
konstatiert werden. class die siernalen Klavilcularendcn auf normale 
Weisc in seinen Gclenkpfanncn vcrwcilcn. Voile Hcweglichkcit in den 
Schultcrgelenkcn. Heine Promincnz der Klavikularcnden. Die Patientin 
sagt, class die kein Ungemach ihres alien Leidens butte. Sie bemerkt nur 
cine leiebte Miidigkeit, wenn sie ein Riickcnransel triige. lionhjcn (,1/oro- 
Ics ) : Auf der vorderen Scitc beider Sternoklavikulargelenkc nnd auf dem 
Sternum zicmlich kriiftige Osteophylen. Die Gclcnkc baben im iibrigen 
keine wcscntlicben Veranderungcn. Kein Zeichen ciner Subluxations- 
stellung. 

Die Opcrationsmcthodc zeigt also 20 Jahre nacli der Ope- 
ralion ein analomisch und funklionell ausgczeichnelcs Re- 
sultat. Die 2 neuen Fallen sind: 

Fall 37 (Wahren): 16-jahriges Madcben. Scit ali Jalirc hat man be- 
merkt, class das linke Scblusselbcin luxiert wird, wenn der Arm aus- 
warts-aufwarls gehoben wird. 3 Jahre friiher hat die Patientin Massage 
bekommen ohne Effckt. Ilei der Abduklion ties Armes tritl cine Verren- 
kung am stcrnalen Ende dcs linken Schlussclbcines nach vorn hervor. 
Gleichzcitig Schmerzgcfiihl. 1/7 1940 Operation (lPn/irc/i) nach der Mc- 
thodc des Verfasscrs. Der eingelcgte Mctallnagel wurde schon nach ciner 
Wochc extrahiert, weil dcrsclhc nach aussen gedrangt war und untcr .dcr 
Haut palpicrt werden konnte. Der Oberarm wurde 3 Wochcn an den 
Thorax fixiert. I3ci der Untersuchung 3 Jahre- nach der Operation nichts 
bcsondcres. 2 Jahre naehhcr konnte cin beginnendes Rczidiv konstatiert 
werden. 

Fall 3S (Verfasscr) : 24-jfihrige Zuschneiderin der Textilindustrie 
(Journ. 2387/46). Scit eincm Jahre hat sie ohne direkt bekannte Ursache 
ein Knackcn im rccliten Sternoklavikulargelenk beim lichen dcs Armes 
nach aussen oder vorwjirts bemerkt. Kicmals Schmerzcn im Sternal- oder 
Klavikulargegenden gehabt. Bei der Armhebung vorwarts oder aufwarts 
luxiert sich das mediale Sehliisselbeincndc vorwarts und aufwarts. Ronl- 
gen zeigt normale Verhiiltnisse der rcchtcn Seile ohne Klavikularveran- 
derungen. 14/11 1946 Operation nach vom Verf. angegebener Methodc. 
Fixation des Armes eine Wochc. 2 Monatc spater wurde dcr Mctallnagel 
entfernt. Nachlier gesund auf dieser Seitc. 

Im Okt. 1947 fangen dicsclbcn Symptome im linken Sternoklavikular- 
gelenken an, wo eine Subluxation nach vornc und aufwarts konstatiert 
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wurde. Ronlgen zeigt beiderseits kcine Veranderungen dcr Stcrnoklavi- 
kulargclenkc. Der mediale Teil dcr linken Klavikel zcigte im Vcrgleich 
der rcchten cine leichte Abschmalerung gegcn das Sternum mit einem 
ldcinen Apophyscnkcrn. An der rcchten Seite normalc Verhaltnisse. 5/2 
1948 dieselbe Operation der linken Seite. Eine breite Narbc von der vori- 
gen Operation wurde excidiert, so dass der ganzc Operationsschnilt einen 
nach unten konvexen Bogcn, iibnlich einem niedrig licgenden Kragen- 
schnitt nach Kochcr bildct. Fixation des linken Armes 1 Woche. 2 Monale 
spater wurde der Metallnagel entfernt. Bei der Untersuchung 1949 8/10 
normalc Bewegungen in der Schulter- und Klavikulargelenken. 


Von Interesse ist festzustellen, dass mein Fall 3S, der 
anfangs einseitig war, siiater in die doppelseitige spontane 
Gruppe eingeordnet werden muss (B: a: 2). Meine Vermutung 
1932, dass man die spontanen doppelseitigen und die spon- 
tanen einseitigen Falle in eine Gruppe vereinigen konnte, „bei 
der die Disposition fiir die Entstehung des Leidens das zu- 
sammenbindende Moment ware, ... sebr wohl moglich isl“,_ 
scheint richtig zu sein. Der Zeitabstand zwiscben den initialen 
Symptomen der beiden Seiten war 2 Jabre. Keine Ursacbe 
weder zu der ersten noch zu der zweiten Luxation kann her- 
ausgefunden werden. Das Alter der Patienlin beim Bcginn des 
Leidens war 22 Jahre, also ein wenig alter als die friiber von 
mir beobachteten Falle. Im Falle 37 ersclieint die Ivrankbeit 
im Alter von 10 Jahren. 

Hinsichts des Operationsfolges muss hier erwahnt werden, 
dass in meinem Fall 77 kein Rezidiv und eine ausgezeichnete 
Funklion 20 Jahre nach der Operation gemass meiner Metbode 
konstatiert werden kann. In meinem Fall 3S auch kein Rezidiv 
2% Jahre nach der Operation. Im Fall 37 wurde nach einer 
5-jiihrigen Rezidivefreiheit beginncnder Riickfall bemerkt. 
Hier wurde der Nagel schon nach einer Woche entfernt, was 
moglichcrweise Einfluss auf die Entstehung des Rezidivs ha- 
ben kann. Mann muss deshalb erwiigen, ob nichl irgend eine 
andere Art dcr Fixation als mit Metallnagel ratsain wiirc? 
Beispielswcise mit cinetn durch die Haut gehenden. fiber 
einem Blciknopf geknfipften, wegnchmbarcn. rostfrcien Mc- 
talldralit. 


16 * 
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Z U S A M M ]•: N r A S SUNG 

Im Jahrc 1932 beschricb dcr Vcrfasscr in (iiescr Zeilschrift 
(1932, III: 1) einc ncuc Opcralionsmelhodc fur die Luxation 
des Sternoklavikulargclcnkcs. Er veroffentlichl nun zwei wei- 
lere Falle, die nach dicser Mcthode behandell wurden. Ein 
Fall, operierl in 1946, hallc kein Rezidiv im Vcrlaufc von 
2 % Jahren, der andcrc, o])erierl in 1940, zeigte ein Rezidiv 
5 Jalire nach dcr Operation, moglichcrweisc weil die Niete 
1 Woche nach der Operation enlfcrnt worden war. Ein Fall 
von den im Jahrc 1932 vcroffcnllichlcn Fallen wurde 20 Jalire 
nach der Operation nachunlcrsucht ohne dass ein Rezidiv 
gefunden werden konnlc. 


R E S U M E 

L’auteur, qui avail decril une nouvelle mcthode d’operation 
dc la luxation slerno-claviculaire dans celte Revue (1932 : 
III : 1 ) rapporle mainlcnant 2 nouveaux cas traites par cette 
melhode. L’un opere en 1946 n’a pas cu dc rechule pendant 
2 ans % ; I’autrc, qui avail etc opere 5 ans aujiaravanl. a eu 
une rechute au hout dc cinq ans, peul-elrc parcc que le rivet 
metallique avait etc enleve line semaine seulement apres 
l’operation. Un dcs cas de 1932, reexamine, a montre qu’il n’y 
avait cu aucune reebute durant les 20 annees qui ont suivi 
l’operation. 


S U M M A R Y 

In 1932 the author described in this journal (1932, III: 1) 
a new method of operation for luxation of the slerno-clavicular 
joint. He now reports 2 further cases treated by this method. 
One, operated in 1946, has bad no recurrence for 2 % years, 
the other, operated in 1940, was found to have recurred 5 years 
later, perhaps because the rivet was removed 1 week after 
operation. One case from the 1932 paper has been re-examined 
20 years after operation; there has been no recurrence. 



FROM MARTINA HANSEN’S HOSPITAL, BXRUM, OSLO 
CHIEF: DR. JOHN K. HALD 


TUBERCULOSIS OF THE GREATER TROCHANTER 

BY 

IVAR ALVIK 


Although tuberculosis of the greater trochanter is not one 
of the most common forms of metastatic tuberculosis, it is 
not rare. Yet it has not been much discussed in the literature. 
Sven Johansson found it in 2.33 % of his cases of hone and 
joint tuberculosis. Clairmont, Wintersiein and Dimlza write 
that it is rare; they found only 3 cases. Melton found 21 cases; 
Meyerding and Mroz 19; Sassen 6; Kroner and Wiese 2; 
Stracker and Ingianni each 1. 


TABLE 1 

Sex and Age Distribution at Onset of Symptoms in 36 Patients with 
Tuberculosis of the Greater Trochanter. 


Age 

Mate 

i 

Female 

Tolnl 

0-10 years 

2 


2 

10-20 „ 

3 

8 

ii 

20-30 „ 

5 

7 

12 

30-40 

6 


0 

40-50 „ 

3 

2 

5 

Total 

19 

17 

3f> 


During the 12 years Martina Hansen's Hospital has been 
open, 36 cases of tuberculosis of the greater trochanter have 
been treated, i.e. barely 2 % of all the cases of bone and joint 
tuberculosis. Table 1 shows their distribution, according to 
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sex and age. The sexes arc nearly equally represented ; and, 
as in other manifestations of tuberculosis most cases were 
between 20 and 30 years of age. The right side was affected in 
21 cases, the left in 15. 


MOD15 OF SPREAD OF THE DISEASE 

In most cases of hone and joint tuberculosis the infection 
is brought by the blood stream. The comparatively rich blood 
supply of spongy bone in the greater trochanter and adjoining 
part of the femur should, as in other bones, favour this mode 
of spread of the disease. Other routes of the infection in this 
region must be mentioned because of the favourable con- 
ditions. In almost every case of tuberculosis of the greater 
trochanter we find infection of its bursa, which lies like a 
small cape round its lateral portion. Not infrequently the 
disease is confined to this bursa, while the greater trochanter 
itself shows no demonstrable changes. It is, therefore, pro- 
bable that the bursa is the primary, and the greater trochanter 
the secondary focus. The bursa may be infected by the blood 
stream as in tuberculosis hygromata of the hand and wrist; 
it may also be infected by gravitation abscesses from tuber- 
culous foci at a higher level, e.g. from the vertebrae passing 
out of the pelvis in front of the anterior superior spine of the 
ilium, or through the trigonum lumbale along the muscles 
going to or close by the greater trochanter, i.e. in the tensor 
fasciae latae and the gluteal muscles, and from an ilio-sacral 
infection. Medial psoas abscesses on the other hand, do not 
usually track toward the greater trochanter, but rather come 
in close contact with the lesser trochanter, in which, as far as 
I know, there is no record of isolated tuberculosis. 

Waldenstrom believes that tuberculosis of the bursa of the 
greater trochanter often begins as tuberculosis of the greater 
trochanter; Fliegel, that a psoas abscess can infect both the 
hip-joint and the greater trochanter, and Iiremcr and Wiese 
that the infection may he secondary. 

1 able 2 gives the sites of other tuberculous foci in the 36 
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TABLE 2 

Other Tuberculous Foci in 3G Patients with Tuberculosis of the 
Greater Trochanter 


Sile of lesion 

Before the j 
onset of i 
svm ptoms 
from the 
trochanter 

After the 
onset of 
symptoms 
from the 
trochanter 

Total 

Spine 

7 

1 

8 

Sacro-iliac joint 

3 


3 

Hip joint 


3 

3 

Shoulder joint 

3 


3 

Knee 

1 


3 

Ankle 

1 


1 

Pelvic abscess 

1 


1 

Lungs and pleurae 

Other T.B. lesions outside 

10 

2 

12 

hones and joints 

G 

2 

8 

Total 

32 

8 

40 


cases of trochanteric tuberculosis, and the chronological rela- 
tionship of these foci to the trochanteric disease. Spondylitis 
and trochanteric tuberculosis were present together in S cases, 
and in 7 of them a gravitation abscess was found on the same 
side as the trochanteric tuberculosis, which had begun a 
considerable time after the gravitation abscess. In 23 of the 
36 cases there were other exirapulmonary tuberculous foci. 
In the remaining 13 cases, the disease of the greater trochanter 
was the only extrapulmonary lesion. 

One would except to find that tuberculosis of the greater 
trochanter occurs when there is tuberculosis of the hip with 
peri-articular abscesses, hut there is no such case in my 
material. In 3, however, tuberculosis of the hip developed 
secondarily to the tuberculosis of the greater trochanter: in 
all 3 cases the interval between the appearance of the two foci 
was so long that it is probable that the disease had spread 
directly from the greater trochanter to the hip. Sas.scn has 
also reported one case in which the hip-joint was infected 
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from the greater trochanter: his patient had multiple, perios- 
teal, tuberculous pelvic abscesses, and later developed tuber- 
culosis of the greater trochanter. 

H may therefore be assumed that in 11 of the 36 patients 
examined there was direct spread of the disease to the region 
of the greater trochanter from other tuberculous lesions. In 
the remaining 2b cases the disease in the region of the greater 
trochanter was probably primary. 

For both categories there remains the question whether the 
disease began in the bursa or in the hone. Neither clinical nor 
radiographic examination of my material gives a definite 
answer to this question, hut certain observations deserve 
mention. 

In 1 case, the focus in the trochanter was discovered dur- 
ing routine radiography of the skeletal system in a case with 
tuberculosis of the knee-joint: there was no demonstrable 
involvement of the bursa. In 2 other cases the destructive 
process had advanced so far in the greater trochanter before 
the bursitis gave rise to symptoms that it is natural to assume 
that the disease had begun in the bone. 

In the remaining 33 cases there was no reason to believe 
that the disease had begun in the bone, and certain findings 
suggested that it had begun in the bursa. In 2, no sign of 
hone destruction could he found on the radiographs or at 
operation. In most of the cases the first radiographic sign of 
hone involvement was a periosteal ossification with blurring 
of the outline of the lateral surface of the greater trochanter 
in the position of the bursa. Usually, this periosteal reaction 
was present for a considerable time before there was any 
sign of destruction of the bone itself. In several cases slight 
surface erosion of the bone, just under the bursa, was observed 
at operation. The ilio-tibial tract and the fascia lata exert 
considerable pressure on the bursa, and therefore also on the 
subjacent hone. This fact is, in my opinion, very important, 
and will he dealt with below under the heading of treatment. 

The early appearance of the bursitis in relation to the 
disease of the bone, the massive periosteal reaction, and the 
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fact that the bone destruction often begins as a superficial 
erosion on its cortex, all suggest that in many, possibly most, 
cases the disease begins in the bursa. As there was no demon- 
strable difference between the cases in which the disease 
started from a gravitation abscess from a focus at a higher 
level and those in which it began in the trochanteric region, 
we may assume that in this group also the disease usually 
begins in the bursa. 

7 of the 36 patients said that the disease of the greater 
trochanter began either immediately or some time after con- 
siderable trauma to the trochanteric region. These statements 
can hardly by themselves prove that trauma helped provoke 
the disease, though such a possibility cannot he excluded. 

SYMPTOMATOLOGY 

Pain and tenderness in the trochanteric region are the most 
constant symptoms. They were noted in 35 of the 36 cases; 
the pain was worse on walking, and usually on passive adduc- 
tion of the limb. A swelling corresponding to the trochanteric 
bursa is an early sign; atrophy of the muscles of the cor- 
responding thigh and buttock appears much later, and, even 
when the disease is advanced, there is not the marked muscu- 
lar atrophy, which develops comparatively early in tuber- 
culous arthritis. Muscle insufficiency and diminished thigh- 
pelvis stability can he found comparatively early, but rather 
because of increased pain when the stability is tested than 
because of muscle atrophy. The same is true of the patient’s 
halting gait. 

Sinus formation is the most common complication; it was 
present in 22 of the 36 cases. Some of the sinuses were al- 
ready present, but many only developed after operation. 


T R E A T M E X T 


Tuberculosis of the greater trochanter is not so crippling 
as tuberculous arthritis. Yet it is to some extent difficult to 
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treat and it distresses the patient on account of its chronic 
course and frequent relapses. 

Surgery is combined with ordinary general treatment of 
the tuberculous infection. G6 operations were performed on 
31 out of the 36 cases, either before (20), or during (37) 
hospitalisation. In 24 the greater trochanter was resected, 
while in 13 the focus was excised without a radical resection 
of the hone. Simple incisions arc not included in the figures. 
2 patients each had 5 operations. 

Surgery aims at the radical removal of all diseased tissue, 
and at resection of the greater trochanter, whenever it is af- 
fected, even if there is only a periosteal reaction or infiltra- 
tion of the overlying muscle and fascial attachments is visible 
at operation. When the disease begins in the bursa and only 
secondarily attacks the greater trochanter, one would expect 
early periosteal changes to heal, when the source of infection 
has been eliminated. This hope is often disappointed, probably 
because of the considerable constant compression by the 
tractus ilio-tibialis and fascia lata, which are particularly 
tight when they have shrunk as the result of inflammation 
and scar formation. 


OPERATION TECHNIQUE AND USUAL FI N DINGS 

A T O P E R A TION 

The technique of the radical operation (removal of all 
diseased tissue and resection of the greater trochanter) might 
he expected to he fairly simple; the region is easily accessible, 
and there is little to fear from the neighbouring structures, 
but there are some important anatomical and functional con- 
siderations. 

The skin incision should he made over the posterior border 
of the greater trochanter from a point a little below the crest 
of the ilium to at least 10-12 cm. below the greater trochanter. 
Sinuses in the line of the incision are excised; those situated 
more anteriorly should he excised separately. Infiltrations in 
the subcutis are radically removed, and the fascia is exposed. 
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Whenever the bursa is found perforated, whether with or 
without a skin sinus, there is always some infiltration of the 
fascia lata and tractus ilio-tibialis, both of which, on account 
of cicatricial contraction, may be so taut that after longi- 
tudinal division it is almost impossible to raise their margins 
from the underlying structures. Therefore, all the infiltrated 
or sclerotic and retracted portion of the fascia and ilio-iibial 
tract should be radically removed, even when there seems to 
be no active inflammation. 

If the fascia and ilio-tibial tract show no sign of patho- 
logical changes, they should be incised longitudinally at the 
posterior part of the trochanteric region. The divided fascia 
can now be easily retracted to both sides, and the underlying 
tissues are easily accessible. If the fascia is divided over the 
centre of the gx-eater trochanter or anterior to it, it is difficult 
to pull its posterior portion far enough aside to give access 
to the region under the gluteus maximus without a transverse 
division. 

In most cases the trochanteric bursa is found to be already 
perforated by large diverticula, sometimes raw, sometimes 
more fibrous and thick-walled, full of brawny connective 
tissue, granulation tissue, or pus, according to the activity 
and age of the lesion. Occasionally, these diverticula extend 
some way down the thigh, not infrequently anteriorly under 
the tensor fasc. Iat. muscle. But they are largest and most 
constant posteriorly and proximally, deep to the gluteus 
maximus muscle, whose flattened attachment to the inner 
side of the fascia lata is usually completely destroyed. These 
posterior diverticula may extend right up to the incisura 
ischiadica. 

In 2 cases a connexion between a gravitation abscess and 
the lesion in. the greater trochanter could be traced at opera- 
tion. In one, who had previously been treated for ilio-sacral 
tuberculosis, a sinus ran from the focus in the greater troch- 
anter towards the lower part of the iliosacral joint. Only its 
lower part was patent; it resembled an ordinary diverticulum 
of the bursa; but further up its lumen diminished, and its 
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upper portion was a solid band, without any lumen. In this 
respect it was unlike an ordinary bursal diverticulum, of 
which the distal end often presents a bulbous expansion. In 
the other case, with a history of a spondylitic gravitation 
abscess, there was a similar sinus in front of the greater 
trochanter; extending in the direction of the region between 
the spinae ilii ant. sup. and inf.; it, also, dwindled above, and 
became a scarred band without a lumen. 

Rarely, a sinus communicates directly with bone. In most 
cases there is sclerotic thickening, with some ossification of 
the periosteum of the greater trochanter under the bursa. 
Slracker examined one case microscopically, and found that 
the tendon attachments had been partly converted into cartil- 
age, with ossification. Under the periosteal thickening there 
may be a superficial erosion of the bone, and ill-defined 
cavities filled with masses of granulation tissue and sequestra. 
It is not always easy to demonstrate cither the superficial 
erosions, or the foci of destruction in the spongy bone radio- 
graphically before operation. The greatest value of radio- 
graphy is in showing the relationship of the tip of the greater 
trochanter to any destructive process which may exist. For, 
when the greater Irochanler is resecied ang diseased periost- 
eum should also be removed, and the rest of the greater 
trochanter isolated subpcriosteallij. The periosteum of the lip 
of the greater trochanter however must never be removed, 
even when it is diseased. If the tip itself is not diseased, it 
can he chiselled off without disturbing the muscle attach- 
ments, and later replaced. If it is diseased, it is isolated sub- 
periosteally, and the periosteum, if it is also suspect, is scraped 
as clean as possible. The gluteus medius is the most important 
stabilizing factor between pelvis and thigh, and its attachment 
must therefore not be separated from the periosteum, as with- 
out the periosteum it is very difficult to get a functionally 
satisfactory connexion between the muscle and femur. If the 
periosteum has been preserved, the new attachment heals 
readily. Pelvic instability, which, is so common after operations 
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on the greater trochanter, is primarily due to insufficiency of 
the gluteus rnedius. 

The next step is to chisel off most of the greater trochanter, 
and round off the resection surface. The periosteum with its 
muscle attachments is as far as possible preserved, and the 
remains of the broad attachment of the gluteus maximus 
are secured to the border of the anterior portion of the fascia. 
If this is not feasible, it is secured to the periosteum on the 
anterior surface of the resected greater trochanter. If any, 
however little, of the fascia lata and tractus ilio-tibialis has 
been excised, they must not he sutured. It is best not to close 
even a longitudinal incision, for fear of secondary scarring 
with retraction and consequent tension in, and pressure on, 
the underlying tissues. On the other hand, the anterior border 
of the fascia can he secured to the under surface of the 
posterior subcutis, after it has been dissected free, to facilitate 
closure of the wound in layers. 

After the operation the limb is immobilised in good ab- 
duction to facilitate the healing of the soft tissues which have 
been loosened over the tip of the greater trochanter. With the 
same object, the patient should remain in bed for at least 
three to four weeks after the operation unless the tip of the 
greater trochanter has been left intact. 

In order to facilitate the detection of small sinuses and 
diverticula in the subcutaneous tissues, a dye may be in- 
jected into a sinus before the operation. It rarely goes into 
the large and deeply situated diverticula, but these are com- 
paratively easy to find and remove, provided one has a good 
view of the field of operation. 

A haematoma in the wound is one of the most common 
postoperative complications.' It could, of course, be avoided 
by the insertion of a drain, preferably some distance from the 
incision in the skin. But drainage is seldom advisable in cases 
of tuberculosis because of the risk of sinus formation. There 
is the same risk if a haematoma is evacuated through the 
operation wound, and the most effective method is lo aspirate 
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a day or two after the operation through a needle thrust deep 
into the wound. Aspiration is repeated as long as fluid can 
be obtained. This procedure should be followed even when 
there is no clinical evidence of liaemaloina; in most cases, 
blood, or at any rate blood-stained fluid, can be aspirated. 


T II E E 0LI.0 W-U P E X A M I X A T I 0 X 

One patient could not he traced. The other 35 were re- 
examined, either by myself in person or by letter. The average 
observation period between operation and re-examination 
varied from 6 months to 10 years, with an average of 3.9 years. 
The average interval between the first symptoms and the 
re-examination was 11.7 years. 


TABLE 3 

Physical Fitness after Tuberculosis of the. Trochanter. 



Total 
resection 
alone, or 
after 
other o- 
peralions 

1 

Partial 

resection 

No opera- 
tions and 
unknown 
[ operations j 
in other j 
hospitals ! 

Total 

Working full-time 

15 

1 

4 

20 

Reduced working capacity 

1 

2 

2 

5 

Unable to work and in bed 

2 

i 

4 

7 

Unknown 



1 

i 

Dead 

2 


1 

3 

Total 

20 

4 

12 

36 


Table 3 shows their fitness for work and their condition. 
20 of the 36 were fully fit for work; 3 bad died. 6 were 
partially or completely unfit because of sinuses and pain. 
1 case had tuberculosis of the hip; 1 had no sinus, but the 
leg was painful and weak; 1 case had renal tuberculosis. 

The deaths were due to other tuberculous foci in 2, and to 
intercurrent disease in 1 case. 

Table 3 shows that the proportion of patients found to be 
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fit for work was highest amongst those in whom the greater 
trochanter had been resected. 

35 of the operations (25 total and 10 partial resections) 
had been performed in this hospital. 


TABLE 4 

The Frequency of Recurrence after 35 Operations for Tuberculosis of the 
Greater Trochanter .According to the Method of Operation. 



Resec- 

tion 

Partial 

Resection 

Xo 

recurrence 

Recur- 

rence 

Total 

1. Cases with fistulae be- 
fore operation, 
a) no recurrence 

7 

1 

8 


8 

b) recurrence 

4 

4 


8 

8 

2. Cases without fistulae 
before operation, 
a) no recurrence 

12 

1 

13 


13 

b) recurrence 

2 

4 


6 

6 

Total 

25 

10 

21 

14 

35 


N'B. Partial resection was only done in cases without radiographic evid- 
ence of hone destruction in the trochanter, and without any visible 
superficial hone erosion at operation. 


Table 4 shows the frequency of relapse after operation. 
(5 out of the 25 treated by total resection, and 8 out of the 10 
treated by partial resection relapsed. Partial resection had 
only been done in the cases in which there were no radio- 
graphic changes in the greater trochanter itself, and no sinus 
connected with bone could he found at operation. 


SUM M A 11 V AND CO XC LUSIOXS 

A clinical and radiographic examination of 36 patients 
treated for tuberculosis of the greater trochanter at Martina 
Hansen’s Hospital in the period 1936-1948 and later followcd- 
up, showed that: 

1: Most of the cases were grouped about the age 20-30 years; 









258 


ALVIK 


the right side was affected in 21 eases and the left in 15. 
There were 19 males and 17 females. 

2: Gravitation abscesses tracking in the direction of the troch- 
anteric region and directly infecting it were found in 11 
of the 36 cases; the source of these abscesses was tuber- 
culous spondylitis in 7, and iliosacral tuberculosis in 3 
cases. In these cases the disease began in the bursa of the 
greater trochanter, the greater trochanter itself being in- 
fected from the bursitis. 

3: In the remaining 25 cases it is probable that the disease 
was brought to the region of the greater trochanter in the 
blood stream — the most common mode of spread of tuber- 
culosis. In most of these 25 cases, however, the disease 
may have begun in the bursa, and spread thence to the 
greater trochanter. 

4: In 3 cases, the tuberculosis spread from the greater troch- 
anter to the hip-joint, in which destructive tuberculosis 
developed. But spread of the disease from hip-joint to 
greater trochanter was not observed in any case. 

5: Sinus formation was the most common complication and 
was observed in 22 cases, either before or after operation. 

6: Treatment is surgical, and should consist in the radical 
removal of all diseased tissue in the soft structures with 
resection of the greater trochanter even when only its 
periosteum shows visible changes. Old, scarred, and sclero- 
tic foci in the tractus ilio-libialis and fascia lata should 
be removed because of the considerable tendency of these 
structures to shrink and thus exert increased pressure on 
the bone — one of the causes, probably, of the high relapse 
rate. The surgical technique and the most common findings 
at operation are described. 

7 : Post-operative haematomata should be evacuated by re- 
peated puncture instead of by drainage, which is an im- 
portant cause of relapse. 

9: 20 of the 36 patients were fully fit for work on re-examina- 
tion. 6 still had sinuses, and 3 had died. 
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RESUME ET CONCLUSION 

Un examen clinique et radiographique de 36 malades 
traites pour tuberculose du grand trochanter a l’hopital Mar- 
tina Hansen pendant les annees 1936/1948 et reexamines plus 
tard a fait apparaitre ce qui suit : 

1. La plupart des cas se groupaient entre 20 et 30 ans ; le 
cote droit etait atteint dans 21 cas, le cote gauche dans 
15. II y avait 19 femmes et 17 homines. 

2. Sur les 36 cas, on en a trouve 11 chez lesquels il y avait 
des abces de gravitation montrant des traces cn direction 
de la region du trochanter et l’ayant directemenl infectee ; 
l’origine de ces abces etait une spondylite luberculeuse 
dans 7 cas et une tuberculose ilio-sacree dans 3. La bourse 
du grand trochanter etait le siege primaire de la maladie, 
le grand trochanter ayant ete lui-meme infecte par la 
bourse. 

3. Dans les autres 25 cas, il est probable que la maladie ait 
ete ainenee dans la region du grand trochanter par le sang, 
le mode le plus courant de propagation de la tuberculose. 
Dans la plupart de ces 25 cas, la maladie doit cependant 
avoir commence dans la bourse et s’etre etendue cnsuilc 
au grand trochanter. 

4. Dans 3 cas, la tuberculose s’est etendue du grand trochanter 
a 1’articulation de la hanche, dahs laquelle une tuberculose 
destructive s’est developpee. Mais on n’a observe dans 
aucun cas qu’une maladie de 1’articulation de la hanche 
sc soit etendue au grand trochanter. 

5. La formation d’un sinus est la complication la plus cou- 
rante et a ete observee dans 22 cas, soit avant, soil apres 
l’operation. 

6. Le traitemcnt est cliirurgical et devrait consister dans 
l’enlevcment radical de tous les tissus malades des struc- 
tures mollcs avec resection du grand trochanter meme 
si 1’on ne constate des modifications que dans son periostc. 
De vieux foyers cicatrises sclerotiques dans le tractus ilio- 
tibialis et le fascia lata doivcnt etre enleves, par suite de 


17 Acta orthopnedlca. Vol. XIX. 2 
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la forte tendance qu’ont ces structures a sc contractor ei 
a excrcer alors une pression accrue sur l’os, 1’une des 
causes, probablcmcnl, du pourcentage eleve des rechutes. 
La technique chirurgicalc ct les trouvailles les plus com- 
munes a Poperation sont decrilcs. 

7. Un hemalone posl-operatif doit elre cvacue par des ponc- 
tions rcpelecs plulot que par drainage ; c’esl la une im- 
porlante cause dc rechule. 

8. Parmi les 36 malades, 20 avaicnl leur pleine eapacite de 
travail au moment dc la reexamination, il y avail des sinus 
chez 6 et 3 etaient decodes. 


ZUSA M M E N F ASSUXG 

Die klinische und rontgenologische Nachuntcrsuchung von 
36 Palienten die wegen Tuherkulosc des trochanter major am 
Martina Hansen Krankenhaus in der Pcriodc 1936 — 19-18 be- 
handclt und spiiter beobachtet wurden, zeigte dass: 

1. Die Mehrzahl der Fiille sich um die Jabre 20 — 30 gruppier- 
ten; dass die rechtc Seile 21 mal und die linkc 15 mal er- 
griffen waren. 19 Manner und 17 Frauen waren erkrankt. 

2. Senkungsabscesse in die Trochantcrregion init Infektion 
dieser Region wurden in 11 von 36 Fallen gefunden. Der 
Ursprung der Abscesse war in 7 Fallen in tuberkuloser 
Spondylitis und in 3 Fallen in iliosacral Tuberkulose zu 
finden. 

In diesen Fallen begann die Erkrankung in der Barsa 
des trochanter major und der trochanles major war von 
der Bursa aus infiziert worden. 

3. In den ubrigen 25 Fallen besteht die Wahrscheinlichkeit 
dass die Krankheit der Region des trochanter major auf 
dem Blutwegenstand — die haufigste Art dcr Ausbreitung 
der Tuberkulose. 

In der Mehrzalil dieser 25 Falle hat die Krankheit wahr- 
scheinlich in der Bursa begonnen und hat dann auf den 
grossen Rollhiigel iibergegriffen. 

4. In 3 Fallen griff die Tuberkulose vom trochanter major 
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auf das Haftgelenk iiber, in welchem sicli cine dcstruktive 
Tuberkulose entwickelte. Ein Obergreifen vom Hiiftgelenk 
zum trochanter major wurde hingegen in keinem Falle 
beobachtet. 

5. Fistelbildung war die haufigste Komplikaiion und wurde 
in 22 Fallen entweder for oder nacli der Operation beo- 
bachtet. 

6. Die Behandlung ist eine chirurgische und sallte in einer 
radikalen Entfernung alles kranken Gewebes der Weich- 
teile mit der Resektion des troch. major, selbst dann wcnn 
nur sein Periost sichtbare Veranderungen zeigt, bestehen. 

Alte, narbige und sklerotische Herde im traclus ilio- 
tibialis und der fascia lata sollten entfernt werden wegcn 
der ausgesproclienen Neigung dieser Gebilde zu Schrum- 
pfen und dadurch einen zunehmender Druck auf den 
knochen auszuiiben — wahrscheinlich eine der Ursachen 
fiir die hohe Auzahl der Rezidive. Die chirurgische Technik 
und haufigsten Operationsbcfunde werden beschriebcn. 

7. Ein iiost operatives Hamiatous sollte durch wicderholle 
Punktion und nicht durch Drainage entlcerl werden. Es 
ist eine wichtige Ursacbe des Rezidivs. 

8. 20 von den 36 Patienten waren voll arbeidsluchtig bei der 
Nachuntersuchung, 6 batten Fisteln, und 3 waren ge- 
storben. 
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FROM NATION ALFORENINGENS HOSPITAL OF SURGICAL TUBER- 
CULOSIS AT JUELSMINDE. CHIEF; HANS THOMSEN, MJ). 


ON THE TREATMENT OF SACRO-ILIAC 
OSTEOARTHRITIS 

DY 

AAGE LADEHOFF 

As few cases of sacro-iliac osteoarthritis treated by opera- 
tion have been published in the Scandinavian literature, the 
following material is presented in order to illustrate the use 
of this more active treatment. 

Since 1938, 13 out of 32 cases of sacro-iliac osteoarthritis 
at the Hospital of Surgical Tuberculosis at Juclsminde have 
been treated by operation. 

Since Sayre, as early as 1879, reported 18 cases treated by operation 
there has been considerable difference of opinion on tlic indications for, 
and the results of operative treatment, as well as on the operative 
technique. 

In 1888 Weller van Ilooh recommended early resection and osteotomy 
in cases with abscesses. 

In 1921 Smith-Pcterscn described a special technique for intraarticular 
arthrodesis, and in 1926 he published with Rogers 13 cases of sacro-iliac 
tuberculosis treated by this method. The cases had been followed for 
6 years; 46 % were completely cured and 23 r /c only partly, having per- 
sistent fistulae. Altogether, 69 % had returned to their original occupa- 
tions. The prognosis was found to be worse in cases with abscesses. 

Albec preferred to use extra-articular arthrodesis because of the risk 
of spreading the infection by opening a joint with an active tuberculous 
process. 

In 1928 a committee, which had been appointed by the American 
Orthopaedic Association to investigate the problem, came to the con- 
clusion that old, persistent cases could be helped, but “what to do in the 
cases of tuberculosis is a very great question”, — and no definite con- 
clusion was reached. 

In 1934 Poller reported, from a study of 31 conservatively treated 
cases, that in cases of destructive caseous tuberculosis 3 to 4 years are 
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necessary for the destructive process to he replaced on the radiographs 
by osteosclerosis, the formation of new hone and the appearance of 
normal trabeculation. 

In the same year Haiti published 4 cases of histologically confirmed 
ilio-sacral tuberculosis treated by Smith-Petcrsen’s method. Examination 
between 9 and 12 months after operation showed all of them to be with- 
out symptoms — in only one case had an abscess developed. He recom- 
mended operation in early cases without abscess formation; cases with 
abscesses were more difficult and should be considered separately. 

In 1937, Tolle compared 14 cases treated conservatively with the 
operated cases published in the literature, and came to the conclusion 
that there was little difference between the results in the two groups. 

In 1938, Thompson published the results of 23 tuberculous cases 
treated by operation over a period of 18 years. Operation bad been the 
routine treatment unless the patient’s condition was so bad that radical 
treatment would be dangerous. 74 9 c of the patients were discharged 
from hospital as cured, and no recurrences occurred over an average 
observation period of 4.9 years, 5 patients died within one year of the 
operation. Patients who had no other tuberculous foci were discharged 
after 4 months’ stay in hospital, while those with other active manifesta- 
tions were kept in bed until the signs of activity bad disappeared. The 
aim of the operation was to remove the focus and cause bony ankylosis: 
a partial resection was done. 

In 1943 Viking, discussing the disease in detail in his monograph, 
reported 50 cases of sacro-iliac osteoarthritis. 7 were treated by operation, 
but from his material he could conclude nothing as to the value of the 
more radical treatment. 

In 1947 Dclchcf and dc Doncker wrote that during a period of 20 years 
they had diagnosed sacro-iliac osteoarthritis in 22 cases — 4 of them 
only at autopsy — and they found that it made up 3 9c of the tuberculous 
bone and joint affections treated. In 11 cases extra-articular arthrodesis 
was done, using Vcrral’s method, the two posterior iliac spines being 
connected by a bone-graft from the tibia. 5 of these patients were cured, 
3 died, and 3 had been followed for less than 3 months. In 7 other cases 
it was not possible to graft, because of the presence of sinuses with 
mixed infections in the sacro-iliac region and partial resections were 
done instead. 3 out of these 7 patients were cured, 3 died and 1 was not 
re-examined. 

In the same year Tavernier and Geag published a brief account of a 
10 years material consisting of 28 patients operated by Smith-Pctcrscn’s 
method. 11 of them had tuberculous sacro-iliac osteoarthritis with abscess 
formation, but without sinuses. Out of these 11 cases, 3 died; 3 developed 
fistulae post-operatively, but healed within 3 to G months. The patients 
were able to return to work between 12 and 15 months after operation. 
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THE MATERIAL 

This material consists of 13 patients, 6 male and 7 female. 

The symptomatology, having been discussed in detail in 
the literature, will here be described in broad outline only. 

The first symptom in all the patients was pain, described 
as severe low back pain or pain felt posterior to the affected 
joint, suggesting sciatica in about half the cases (7 had had 
prolonged physiotherapy without relief). The pain disappeared 
with rest in bed, but soon returned with movement, or on 
standing. 

In 12 of the cases one or more abscesses developed, usually 
associated with tiredness, pain and fever (38-39° C.). 

In 75 % of these cases with abscess formation sinuses 
appeared, either spontaneously or after aspiration or inci- 
sion. 

The signs were: slight limp; moderate muscle atrophy of 
the lower limp; and positive Lascgue’s sign at about 50°; pain 
in the joint on indirect pressure occurred in about half the 
cases. 

All the cases showed radiographic pictures which were 
diagnostic: a typical osteoarthritis with increased joint space, 
irregular outline of the articular surfaces, and varying degrees 
of destruction of the sacral and iliac alae. In 4 cases there 
was 3-5 rams, upward dislocation at the symphysis on the 
affected side. 

Fig. 1 shows the typical radiographic changes in a left 
sacro-iliac joint. 

In all cases but one the affection was unilateral. 

The etiology was tuberculous in 7 cases (group 1 ), pyogenic 
in 5, and non-specific degenerative, with allergic manifesta- 
tions in other joints, in 1 case (group 2). 

Group l. 3 males and 4 females; the average age at onset 
of symptoms was 24.5 years, thus coinciding with the appear- 
ance and closure of the sacral and iliac epiphyseal lines. As 
a matter of fact the sacro-iliac joint is rarely the site of in- 
flammation after the age of 30 — if it is affected, it is usually 
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involved by direct spread of an abscess or granulation tissue 
from a tuberculous osteomyelitis of the dorso-lumbar spine. 
This is certainly due to the degenerative changes which affect 
the joint with increasing age and result in bony ankylosis. 
Sashin described these age changes after examining the sacro- 
iliac joints of 257 autopsies on cases dying from’ other condi- 
tions. 

In 4 patients the route of entry was pulmonary; in 3 of 
these a pleuritis serosa was the first tuberculous manifesta- 
tion; 3-4 months later the joint affection was indicated by 
pain, and after a further 3-5 months an abscess appeared. 
Thus the osteoarthritis appeared clinically soon after the 
tuberculous primary infection, which is assumed to be closely 
related to the time of development of the pleurisy. 

In 3 cases the route of entry could not be determined. 

2 patients had other active tuberculous foci: 1 of them 
had a mild tuberculosis of the hip and 1 a sputum-negative 
pulmonary tuberculosis. 
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The interval between onset and operation varied between 9 
months and 4 years, with an average of 2.4 years. 

Abscesses were present at the time of operation in 6 cases, 
4 of these had had sinuses for 4-18 months; in 1 the fistula 
had been closed for 1 month after a long course of treatment 
with penicillin, but had re-opened. 

The site of the abscesses and the number of fisluiae are 
shown in the following table: 


Site of abscess Sinus 

Iliac fossa .. 0 

,) >» - - .... 0 

„ „ 4- gluteal region 4- intrapclvic 2 

„ „ 4- trochanteric region 2 

„ „ + lumbar region 2 

Lumbar region 1 

Tuberculosis (human type) was verified in 6 cases, cither 
bacteriologically, by culture and inoculation of pus or material 
from the focus, or histologically, by examination of the latter. 

In the remaining case, where there was no abscess, a 
necrotic, calcified focus was found; histologically there was 
no evidence of tuberculosis and no tubercle bacilli or other 
pathogenic bacilli could be cultured, but the slow course of 
the disease over 4-5 years and the simultaneous tuberculosis 
of the hip are strongly suggestive that the condition was 
tuberculous. 

In all 7 cases the Mantoux I test (0.01 mg.) was positive 
(at least 10 mm.). 

The pre-operative treatment consisted of “general sana- 
torium cure” to restore the general condition, and universal 
carbon arc-light baths, whose importance we believe to be 
mainly as a skin-disinfected and consequently as a prevent- 
ative of mixed-infection in fistular cases. 

If the patient had not previously had adequate conservative 
treatment he lay in a. plaster bed extending from the lower 
thorax to the toes, for 9-16 weeks, in order to abolish the 
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pain by relaxing the lumbar and gluteal spasms and to im- 
mobilise the joint and thus rest the affected area. 

Cases of mixed-infection, with intermittent periods of fever, 
raised staphylococcal and anti-streptolysin tilrcs, and “other 
bacteria” in the pus from the copiously discharging sinuses, 
were intensively treated with sulfathiazole or penicillin ac- 
cording to the chemotherapeutic sensitivity of the bacteria. 

The abscesses were aspirated frequently, and always im- 
mediately before operation. 

The time for operation was decided by consideration of the 
patient’s general condition, the temperature chart, the sedi- 
mentation rate, and the radiographs. 

The post-operative treatment was essentially as the pre- 
operative. 7-12 weeks after operation the patient was taken 
out of his plaster bed and began to gel up. 

1 patient with sinuses died 24 hours after operation from 
a rapid sepsis due to mixed-infection. This death might cer- 
tainly have been avoided if the antibiotics now in use had 
been available at that time (1942) — and it serves to emphasise 
the need for effective pre-operative treatment of mixed-in- 
fection. 

After operation the abscesses re-appeared slowly, if at all. 
The sinuses gradually ceased to discharge and healed within 
3-10 months. 1 case developed an abscess in the gluteal region 
1 year after operation; it healed after incision and there has 
been no further abscess or sinus for 4 years. 

When the fistulae were healed, the patients were dischar- 
ged and told to spare themselves for the first few months out 
of hospital. 

The average stay in hospital was 10 months (5^-19 
months). 

Two patients were able to return to full work 3 months, 
one 6 months, and three from 12 to 18 months after discharge 
from hospital. 

The patients have been followed for an average of 3 years 
(6 months to 6 years) after operation; all are able to work 
and all the sinuses remain healed. In 1 case, a woman, a sinus 
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18 months to 24 years, with ])eriods of fever, pus retention and 
subsequent increased discharge. 

The pre- and post-operative treatments were essentially the 
same as in Group I. 

There was one death: the patient who had had for 11 
years a discharging staphylococcal osteoarthritis of the sacro- 
iliac and hip joints died of sepsis 4 years after operation; the 
sinuses had never healed. As in the case already mentioned 
in Group I, the outcome might probably have been different if 
effective chemotherapeutic drugs had been available at that 
time. 

In 3 of the patients the sinuses closed respectively 1 V 2 . 2 l /«, 
and 3 years after operation, and have remained healed since, 
for between 2 V 2 and 4 years. The patients are able to work 
and are clinically cured; radiography shows healing with 
ankylosis of the joint. 

The case with disease of both sacro-iliac joints and 
bilateral abscess formation, with sinuses for 3 l /z years, was 
treated by partial resection of the worse side; the intention 
was to operate also on the other joint, but 18 months after 
the first operation there was both clinical and radiographic 
healing, and the sinuses were soundly healed, so that no fur- 
ther operation was done. 

1 patient had had a discharging staphylococcal osteomyeli- 
tis of the right ilium with involvement of the sacro-iliac joint 
for 24 years. A partial resection of the joint and of the po- 
sterior Yi of the iliac crest was done. After prolonged penicil- 
lin therapy she was discharged, 2 years after operation; only 
2 of the numerous profusely discharging sinuses remained, 
and only occasionally a few drops of pus were discharged. 
Now, 9 months later, these 2 fistulae are closed after 3 week’s 
treatment with streptomycin. 

The remaining patient, a woman aged 35 years, had for 
8 years had periodic disabling sciatica as the only symptom 
of a left sacroiliac disease; there had never been an abscess. 
Further, there was a mild arthritis with serous effusion of 
both knees, the right shoulder and right elbow. The sedimen- 
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tation rate was slightly raised; the staphylococcus anti-toxin 
and antistreptolysin titres were within normal limits; the 
Mantoux I was positive. 



At the operation degenerative cartilage and necrotic hone 
were found; both bacteriological and pathological examina- 
tions were negative; no bacteria were cultured, and histologi- 
cally there was only a serous effusion into the marrow spaces 
and formation of oedemalous connective tissue. — The wound 
healed on the 12th. day. — 9 months later, there was bony 
ankylosis, and now, 3M; years later, the patient has still no 
pain, and in addition the signs and symptoms in the other 
joints have disappeared. 
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One must assume this case to have been a non-specific 
serous sacro-iliac osteoarthritis -with secondary allergic, effu- 
sive reactions in other joints, as there were no radiographic 
bone changes and culture of fluid from the joints was nega- 
tive. 

The Wassermann, Gono and Widal tests were negative in 
all 13 patients. 

The surgical technique used is described briefly here: 


A curved incision is made along the posterior part of the iliac crest, 
and carried behind the upper posterior iliac spine and downwards and 
forwards across the lower posterior iliac spine to the sciatic notch. Here 
the muscles and ligaments are detached to give a mass of skin and 
muscle which is pulled down together with the superior gluteal artery, 
which is carefully preserved. "When the ilium is exposed the sciatic notch 
and the two posterior iliac spines serve as guides; the hone anterior to 
the latter carries the joint surface on its medial side, and access to the 
joint is obtained by chiselling it open. — Fig. 3 is a diagram of the skin 
incision and the anatomy. 

Granulation tissue and all hone and cartilage which appears to he 
pathological is scraped away. The cavity thus produced is drained hv a 
rubber drainage-tube, and the wound is sutured in layers. 

In one case intra-arlicular arthrodesis was also done by 
inserting a bone-graft from the ilium. 

“Primary healing” occurred in 3 cases; in the remainder 
the site of the drainage-tube healed within 11-20 weeks. 

The aim of the operation is twofold: to remove the focus 
of the disease, thus preventing further destruction and ab- 
scess and sinus formation, and to ankylose the joint, thus 
reducing the risk of recurrence. Both these aims are attained 
by only partial resection. 

That ankylosis takes place is shown both clinically by the 
abscence of pain, and radiographically by a more or less 
complete bony union between the joint surfaces within 3-6 
months. 

Fig. A shows the radiographs of the same patient as in 
Fig. 1 3 months after operation. The operation defect can 
still be seen; 4 years later it is reducted by V 3 (Fig. 2). 
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Fig. ft. 


Although the number of cases treated has been rather 
small it may be justifiable to set out the following indications 
for operation in cases of sacro-iliac osteoarthritis, of both 
tuberculous and pyogenic etiology: 

1) if the sacro-iliac disease is either the only or the main 
active focus, and abscesses re-appear in spite of repeated 
aspiration and adequate conservative treatment for 3-4 
months. 

2) if there are sinuses which show no tendency to healing 
after several months’ conservative treatment. 

3) in cases of caries sicca with continued pain and conse- 
quent inability to work. 

The danger of pyogenic sepsis is insignificant with mo- 
dern chemothcraphy; similarly a general tuberculous spread, 
which is very rare and too much feared, following inter- 
ference with a tuberculous focus may he prevented or slopped 
by streptomycin. 
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Fig. 5. 

On admission. 


Exclusively conservative treatment should be used in 
tuberculous cases, when there are other foci of hone or 
viscera ■which require a long conservative treatment, so that 
an operation on the sacro-iliac joint will not hasten the 
patient’s return work. 

In conclusion, the following report is given of a , typical 
case: 

A small-holder, aged 25 years, developed pain across the right loin 
and down the back of the right thigh in Dec. 194G (2-3 months after the 
appearance of a left tuberculous pleurisy with effusion). 

He was admitted to hospital in Feb. 1947 and treated for 2 months 
by rest in bed, heat, and massage for lumbar-gluteal myositis, but there 
was no improvement. 

Further examination of the radiograph of 17.2.47 showed that at that 
time there were already signs of disease in the right sacro-iliac joint, 
the joint space being increased, with blurred outlines of the joint 
surfaces. 

Radiography of the lungs showed no abnormality beyond a small 
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area of calcification the size of a pea in the left lung. Tubercle bacilli 
had never been found in the gastric contents. 

In Aug. 1947 there was increasing pain, and an abscess developed in 
the right inguinal region; tubercle bacilli were cultured from the con- 
tents of the abscess. 



H 


Fig. 6. 

7 months after operation. 


Radiography on 29.9.47 showed irregular destruction of the R. sacro- 
iliac joint (Fig. 5), and urography showed medial displacement of the 
R. ureter by a shadow which suggested an abscess. 

On admission here, 17.11.47, an abscess the size of an egg could be 
felt in the R. inguinal region; the Lasegue test was positive at 60°; there 
was 1 cm. wasting of the R. thigh and leg; the sedimentation rate was 
28 mm.; Mantoux I was positive. — No other abnormalities were detected. 

The patient was kept in a plaster bed for 8 weeks and was given 
carbon arc-light treatment. The abscess was aspirated twice, and la ml. 
pus were obtained; a sinus developed at the puncture site. On 2G.1.4S a 


18 Acta orthopaedtea, Vol. XIX, 2 
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partial resection of the joint was performed, using the technique de- 
scribed above. The joint was found to be filled with necrotic bone and 
cartilage and abundant granulation tissue communicating by a track, as 
wide as a finger, with the abscess. The operation and post-operative 
course were uncomplicated. The drain was removed on the third day 
and the sutures on the 10th day, at which time the wound was healed. 
Material removed at operation showed tuberculous pathology histologi- 
cally, and tubercle bacilli (human type) were cultured from it. The 
abscess was aspirated twice, and the sinus healed 0 weeks after operation, 
at which time the patient was allowed up; for 3 weeks there was some 
difficulty in walking. — While in hospital he had repeated attacks of 
R. renal colic with macroscopic blood and renal calculi in the urine. 

The patient was discharged well on 28.5.48 (4 months after opera- 
tion). 

At re-examination 2G.8.48 (3 months after discharge) there were no 
complaints beyond a sensation of “pulling” in the operation scar, after 
walking 4-5 km. The sinus had discharged one small drop 4 weeks previ- 
ously, but had otherwise remained healed. — No abnormal signs were 
found; the operation scar was soundly healed. The patient was allowed 
to begin working. Radiography (Fig. G) showed good calcification, trabe- 
cular bone structure, and bony ankylosis above. 

Thus, 19 months after the first symptoms of tuberculosis of the sacro- 
iliac joint, the patient may lie considered to b'c cured, after G!l> months 
in hospital. 


SUM M A R Y 

The literature on the treatment of sacro-iliac osteoarthritis 
is briefly reviewed. The author reports 13 cases treated by 
operation; 7 were tuberculous, 5 pyogenic, and 1 a non-speci- 
fic degenerative arthritis. Abscesses developed in 12 of the 
cases, and 9 had one or more sinuses before operation. 

The pre- and post-operative treatments are described. Spe- 
cial importance is attached to the prophylaxis and effective 
chemotherapeutic treatment of mixed-infection in cases with 
sinuses. 

The operation used was a partial resection, which is 
described in outline. 

11 patients were cured, 2 died from sepsis at a time when 
the present antibiotics were not known. 

The indications for operation are described. 

In conclusion, a typical case is reported. 
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RESUME 

La litterature publiee sur le traitcmcnt de l’osteoarthritc 
sacro-iliaque est sommairement passee cn revue. L’auteur 
rapporte 13 cas traites chirurgicalement: 7 etaient tuberculeux, 
5 pyogenes et 1 arthrite degenerative non specifique. Des abces 
s’etaient developpes dans 12 de ces cas el chez 9 il y avail 
un ou plusieurs sinus avant {’operation. 

Les traitements pre et post-operatoires sonl decrits. Unc 
importance speciale est attachee a la prophylaxie el a un 
traitement chemotherapeutique efficaee des infections mixles 
dans les cas avec sinus. 

Comme operation on a pratique une resection particlie, 
decrite dans les grandes lignes. 

11 malades ont ete gueris, 2 sont decedes a la suite defec- 
tions, a une epoque ou les antibiotiques n’etaienl pas encore 
connus. 

II est donne la description des indications des cas a operer. 
En conclusion, un cas typiquc est rapporte. 


ZUSAMMENFASS U N G 

Eine kurze Obersicht der Literatur iiber die Behandlung 
der sacro-iliakal Osteoarthritis wird gegeben. Der Verfasser 
bericlitet iiber 13 Falle, die operativ bebandclt wurdcn. 7 
waren tuberkulos 5 pyogcn und ein Fall zeigle nicht spczifiscbc 
degenerative arthritis. Abscesse entstanden in 12 der Falle, 
und 9 hatten eine oder mchrere Fisteln vor der Operation. 

Die pne und postoperative Behandlung wird besclirieben. 
Besondere Wichtigkeit wird der Prophylaxe und der wirk- 
samen chemolherapeutischcn Behandlung von mischinfizier- 
ten Fallen mit Fisteln beigemesscn. 

Die angewendetc Operation war cine teilwcise Rcsektion, 
wclche in grossen Ziigen besclirieben wird. 

11 Patienten wurden gelieilt, 2 starben an Sepsis zu einer 
Zcit in der die nunmehr vcrfiigbaren Anlibiotica noch nicht 
bekannt waren. 
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Die Indikationen der Operation werden beschrieben. Zum 
Scbluss wird ein typischer Fall aufgezeigt. 
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FROM THE ORTHOPAEDIC CLINIC (HEAD: PROFESSOR STEN 
FRIBERG) OF KAROLINSKA INSTITUTET, STOCKHOLM 


PARTIAL SYNOVECTOMY OF THE KNEE JOINT 

BY 

RAGNAR MAGNUSSON, M.D. 

For more than fifty years synovectomy, either partial or 
complete, has been performed in cases of chronic hydrops of 
the knee joint. Only during the past 20-25 years, however, 
has this operation been used on a large scale, and it has been 
mainly through the work of Swett that synovectomy has be- 
come more widely known. Over a number of years a fairly 
large number of results have been published. On the whole, 
the results are reported to he good, hut in some publications 
either the time of observation has been too short or the material 
has been too small to allow a satisfactory estimation of the 
late results. 

Persistent hydrops has been thought to he due either to 
occlusion of the paths of drainage from the knee joint, or to 
faulty resorption due to various pathological changes. The aim 
of synovectomy has been to create new resorption paths. Since 
drainage takes place mainly through the suprapatellar bursa 
(D. H. Kling, Maijeda, and others) surgery has usually been 
confined to extirpation of this bursa (partial synovectomy). 

A large number of experimental investigations have been 
made in attempts to throw more light on the problem of dis- 
turbed resorption, and a vast literature has been published 
on the subject. Only publications that can he of interest in the 
present study will he mentioned here. Bauer ct aL, Efslcind. 
and others found that protein substances are only, or mainly. 
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resorbed through the lymph channels, whereas the crystalline 
substances are resorbed through the blood channels ( Efskind , 
Kuhns). 

Geroia and Notkins demonstrated that the possibilities of 
resorption from the joint are decreased in inflammatory syno- 
vitis. Kuhns considered that he could show experimentally 
that the possibilities for the resorption of particles larger than 
the size of one molecule are diminished in inflammatory chan- 
ges in the joint, whereas resorption returns to normal when 
these changes have regressed. A persistent irritative condition 
causes a decrease in the resorplivc function of the lymphatic 
vessels {Kuhns). According to Efskind, lymphatic drainage is 
decreased in pyarthrosis and for a time after total synovecto- 
my. He also believed that there was a transient decrease in the 
resorption capacity after uncomplicated arlhrotomy. Others, 
e.g. Rosiock, believe that in empyema of the knee joint there 
is a rapid increase in the power of resorption, which is more 
effective than with aseptic exudate. Efskind performed clini- 
cal resorption experiments with perabrodil and indigo carmine 
(crystalline substances) and found that their resorption was 
decreased after total synovectomy and in pyarthrosis. A num- 
ber of writers (J. A. Key, IV. Bauer el al.) believe that an 
active phagocytic resorption of attrition products from the 
joint cartilage and the synovia occurs. The experimental in- 
vestigations are less convincing, as they were performed on 
animals, whose knee joints are neither anatomically nor func- 
tionally similar to those in man. Further, the substances used 
were foreign to the organism and cannot, therefore, be consi- 
dered to show the physiological conditions in man. 

It is probable that hydrops has been regarded too much 
as a problem of resorption. We have very little definite know- 
ledge of how either the normal synovia is formed or the pa- 
thological exudate takes place, but it is just as reasonable to 
regard a morbid increase of fluid in the joint as the result 
of an increased rate of formation of joint fluid as of impaired 
resorption. 

Many writers have stressed that at present no definite 
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rules can be laid down for the indications for synovectomy, 
and that the cases should be selected carefully ( Allison , Bern- 
stein, Speed , Sweit and others). Since our knowledge of the 
physiology and pathology of the knee joint is verj' incomplete, 
the decision regarding synovectomy must depend entirely on 
the surgeon’s experience and view of the individual case. 
Bernstein's statement that “no rules can be established for 
the performance of synovectomy” can be considered as repre- 
senting the general opinion on the indications for this opera- 
tion. The results of synovectomy must be judged against this 
background. 


THE WRITER’S MATERIAL 5 

The material reported here consists of 36 partial synovec- 
tomies performed on 34 patients (18 males and 16 females). 
The average age at operation was 35 years. Table I shows the 
duration of the disease and the observation period. 

In order to assess the results found at follow-up examina- 


TABLE I 



Polyarthritis 

14 patients: 

15 synovectomies 

! Cases of unknown or 
i uncertain origin 
i 20 patients: 

j 21 synovectomies 

Average duration of disease be- 
fore operation 

5.0 years 

i 

! o.(» years 

Average age at operation 

37.8 years 

' 82.8 years 

Average time between operation 



and follow-up examination 

4.4 years 

} 5.9 years 


5 The material derives from the Orthopaedic Clinic (Head: Professor 
S. Friberg) of Knrolinska Inslitutct, Stockholm, the Orthopaedic Clinic 
(Head: Professor G. Wibcrg) in Lund and from Vanfbrcanstaltcn (Head: 
Dr. H. Camitz, M.D.) in Gothenburg. I wish to express my thanks to the 
Heads of the respective Hospitals for their kindness in placing the ma- 
terial at my disposal. 
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tion it is important to try to classify the material according to 
aetiology. One group, i.e. cases with chronic polyarthritis, can 
he distinguished from the rest with a fair degree of certainty. 
The rest are probably heterogeneous as regards aetiology. The 
aetiology will he considered further when the cases are dis- 
cussed. 

Guinea-pig tests and bacterial cultures of the exudate were 
done on practically every case, hut the results were uniformly 
negative. 

Since the patients came from all parts of the country, it was not 
possible for the writer to follow-up each case personally. A question- 
naire was therefore sent to each patient, the questions being formulated 
so that there would be no difficulty in giving a correct answer. All ex- 
cept two patients answered. 1G patients were examined personally by 
the writer, in a few cases on several occasions. Since many of the pa- 
tients — usually those with polyarthritis — were treated at other hospitals 
after operation, the statements made in reply to the questionnaire 
could he checked. 

Operative Technique. 

Partial synovectomy, consisting of extirpation of the su- 
prapatellar bursa, was performed on all the cases. As several 
different surgeons operated, the technique was not always 
uniform in individual details The incision was either a lateral 
or a medial parapatellar incision. The writer personally prefers 
the former, which affects the muscle less than the medial 
incision. With the latter it is impossible to avoid injury to 
the vastus medialis, which extends further distally than the 
vastus lateralis. — The suprapatellar bursa can be easily 
peeled out bluntly, with the exception of the anterior aspect, 
where it is nearly always closely attached to the tendon of 
the rectus femoris muscle. 

After synovectomy, synovial cells reappear, presumably 
by metaplasia of the subsynovial tissue components ( Segale , 
J. A. Key, Walcott etc.). Regeneration appears to take place 
fairly rapidly. According to Segale, it is completed 21 days 
after partial synovectomy. Swett found in two cases “a re- 
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TABLE II 

Cases With Polyarthritis. 


Case 

Sex 

Age 

at 

onset 

Age at 
operation 

Ti me 
of ob- 
serva- 
tion in 

years 

Primary 
result of 
operation 

Itcsult of 
operation 
at 

! follow-up 

! 

Comments 

1. 

O.F.N.J. 

r»i 

12889 

<y 

i 

36 

! 

1 

Exudate 

t 

j Exudate 

t 

! 

Both knee joints affected. 
S.R. before op. 5 mm/1 hr. 
1 vr. after operation exu- 
j date still present. No pain. 

2. 

A. J. 

C. 

13190 

o 

•r 

i 

i 

32 

1 

48 

5 

\ 

I 

! ■ 

Exudate 

Exudate 

■ 

Both knee joints affected. 
S.R. before op. 27 mm/1 
hr. 6 mths. after op. exu- 
date still present. Doing 
full-time housework. No 
pain. 

3. 

O.F. 

G 

13338 

i 

j 46 

51 

1 

| 

7 

■ 

No 

exudate 

' 

■ No ; 
exudate 

! Most limb joints affected. 
Unable to return to for- 
i mcr work (heavy manual 
labour). 

4* 

.LB. 

G 

18G02 

j 

& \ 

\ 

\ 

[ 

| 40 

j 41 

l 

| 

I 9 

! 

Exudate 

i 

j 

: 

! Exudate 

i 

; 

i 1 

i 

The knee joints mainly 
; affected. 

S.R. before op. 10 mm/1 
hr. 

No pain. Suggestion of 
flexion contracture. 

XNP ' 
‘ V ‘ 1 • 1 

G 

24736 

& 

19 

26 

i 

j 

5 

Exudate 

No j 

exudate ; 

j 

| 

Most limb joints affected. 
S.R. before op. 30 mm/hr. 
Pain after operation. 

6. 

S.S.S. 

G 

24083 

o 

40 ; 

! 

46 

i 

1 

| 

i 

! 

7 i 

Exudate 1 

i 

1 

i 

1 

1 

l 

J 

i 

s 

i 

* i 

Exudate 

1 

s 

j 

Most limb joints affected. 
S.R. before op. 32 mm/hr. 
Pain and flexion contrac- 
ture. 4 vrs. after synovec- 
tomy, arthrodesis of the 
knee joint. Severely i”- 
validized. 
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TABLE II (cont.) 


Case 

Sex 

1 

Age 

at 

onset 

Age at 
operation 

Time 
of ob- 
serva- 
tion in 

years 

Primary 
result of 
operation 

Hesult of 
operation 
at 

follow-up 

Comments 

7 a. 

K.G.B. 

(i 

27448 

cf 

Bight 

knee 

11 

14 

5 

Exudate 

i 

1 

No 

exudate 

I 

i 

i 

Knee and ankle joints af- 
fected. S.B. before 1st op. 
14 mm/hr. 0 mths. after 
operation exudate still 
present in right knee, left 
knee: N'.A.D. 

No pain. 

7 b. 

K.G.B. 

G 

27448 

Left 

knee 

» 

)) 

» 

Exudate 

No 

exudate 

i 

1 

1 

t 

I 

8. 

K.L. 

L 

511 40 

o 

23 

34 

5 

Exudate 

i 

! 

Exudate 

1 

1 

J 

Knee joints mainly af- 
fected. 

S.R. before op. 5 mm/1 hr. 
Intermittent pain. 

9. 

Iv. G. B. 

G 

29983 


31 

40 

4 

Exudate 

| Exudate 

Both knee, hand and ankle 
joints affected. Pain in 
knee. Unable to walk 
without stick. 

10. 

I.L.P. 

L 

9 

21 

20 

2 

Exudate 

Exudate 

Knee and ankle joints af- 
fected. 

S.B. before op. 25 mm/1 
hr. 

Pain in knee. 

11. 

E.G. 

L 

504/42 

9 

31 

34 

3 

No 

exudate 

No 

exudate 

Nearly all limb joints af- 
fected. 

S.R. before op. 56 mm/hr. 
No pain in knee. 
n.b. Synovectomy + ex " 
tirpation of the patella. 
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TABLE II (cont.) 


Case 

Sex 

j 

Age 

at 

onset | 

t 

j 

Age at 
operation 

Time 
of ob- 
serva- 
tion in 

years 

! 

■ Primary 
j restill of 
[ operation 

1 

t 

Itcsult of 
operation 
af 

follow-up 

Comments 

12. 

J.B.I5. 

S 

47(15/42 

■ d 

i 

1 

i 

51 

55 

3 

No 

exudate 

j 

! No 
i follow-up 
i examina- 

i 

j lion 

■ S.R. before op. 15 mm/lir, 

( 

| 

13. 

T.L. 

I- 

200/42 

] 

| <? 

i 

i 

I 

i 27 

1 

| 20 

1 

3 

i 

i 

i 

1 

i 

t 

No 

exudate 

; 

i 

i 

Exudate 

Most limb joints affected. 
S.R. before op. 72 mm/hr. 
Pain in operated knee 
with change in weather. 
Not working, owing to in- 
volvement of other joints. 

14.° 

N.M. 

L 

370/43 

$ 

1 

! 

50 

| 

I 

l 

57 

= i 

i 

No | 
exudate 

No j 
exudate 1 

i 

| 

J 

Most limb joints affected. 
S.R. before op. 8 mm/hr. 
Discomfort from knee 
constant after operation. 


1 L and G in the first column denote whether the patient was treated 
at the Orthopaedic Clinic in Lund or at the Vanforeanstall in Gothenburg. 
* = Follow-up examination made personally by the writer. 


placement of synovial membrane with no evidence of scar- 
tissue” after “several months”. 


Cases With Chronic Polyarthritis (table U). 

This group comprises 14 patients (15 synovectomies). 18 
patients (14 synovectomies) were followed up. A detailed 
account of the cases or case-histories of the individual patients 
is of little interest; all showed the classical symptoms of poly- 
arthritis. Table II shows some relevant data. Synovectomy had 
in every case been preceded for many years by various treat- 
ments at special hospitals for rheumatic diseases. 
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If the primary results of operation are considered 5 , it is 
found that only 5 of the 15 synovectoinied knees became free 
from exudate. A further 3 cases (amongst them the patient 
with bilateral hydrops) became free from exudate during the 
period between operation and follow-up examination, whereas 
one case, which had primarily been free from exudate had 
relapsed. 

Thus at the follow-up examination only 6 cases were free 
from exudate (one patient was not examined), i.e. approxima- 
tely 40 per cent. These results agree fairly well with those of 
Inge for synovectomy in chronic polyarthritis. In 26 of Inge’s 
cases, which had an average age of 37.1 years at operation 
and an average observation time of 5.6 years (thus comparable 
with the material reported here), the results of the operation 
were good in only 50 per cent of the cases. Other reports point 
in the same direction ( Boon-Ill , Massarol. and others). 

For many reasons it would seem inadvisable to operate 
during the active stage of the condition; but in cases of poly- 
arthritis it is difficult to find the best time for synovectomy. 
The progression and regression of the disease may be followed 
by the sedimentation rate, and it is tempting to assume that 
patients who have had a low sedimentation rate for a long time, 
so that the disease can he presumed to be in a regressive state, 
would he more suitable subjects for operation than those 
with high rates, suggesting active infection. Examination of 
the cases in the present series showed that of the 9 cases 
with hydrops immediately after the operation, 5 had normal 
or only slightly raised sedimentation rates immediately before 
operation and 4 had considerably raised rates 5 . Of the 4 cases 
without hydrops immediately after synovectomy, 2 had normal 
or subnormal rates and 2 very high rates pre-operatively*. (In 
2 patients the sedimentation rate had not been measured). 


The term “primary results of operation” covers the condition during 
the months immediately following the operation. 

3 Cases 1, 4, 7a and h and 8, and Cases 2, 5, 6, and 10 respectively. 

4 Cases 12, 14 and 11, 13 respectively. 
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Follow-up examination showed that of the patients wilh hy- 
drops, 3 had had low sedimentation rates before operation, and 
4 had had very high rates. Of the 6 cases which were free 
from exudate at the follow-up examination, the sedimentation 
rate had been normal in 3 and raised in 2 (one case was not 
re-examined). Although there are only a few cases in each 
group, the figures show that the sedimentation rale need not 
greatly influence the decision regarding synovectomy in cases 
of chronic polyarthritis. 

The age at onset and duration of the disease showed no 
appreciable differences in the cases with and without post- 
operative exudate, nor did the extent of the disease appear 
to affect the prognosis. Both cases with involvment of only 
a few joints, and cases in which practically all the joints of 
the limbs showed pathological changes, were equally repre- 
sented amongst those with and without post-operative hydrops. 

Unfortunately, the knee joint was examined radiographi- 
cally before operation in only 6 cases 2 . In case 7, radiography 
two years before synovectomy showed slight bilateral calcium 
reduction. There was a primary post-operative exudate in both 
knees, which was not present at the follow-up examination. 
Cases 11 and 12 were examined radiographically 2 and 4 years 
respectively before synovectomy; both had a severe arthrosis 
deformans with reduced joint space and osteophytes. In case 
11 there was never any exudate after operation. Case 12 was 
not followed up. Cases 8, 9 and 13 (radiography 5, 1 and 2 
months respectively before operation) showed moderate ar- 
throsis deformans with insignificant reduction of the joint 
space. In cases 8 and 9 the exudate persisted after operation, 
whereas in case 13 there was no primary post-operative exu- 
date although it occurred later. 

It is not possible to make any definite statements on the 
relation between the radiographic picture and the results of 
synovectomy. However, severe deformans changes present 
several years before operation need not prevent good results: 


Cases 7a and b, 8, 9, 11, 12 and 13. 
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thus case 11, which liad such changes two years before opera- 
tion had good primary and final results. 

It is obvious that post-operative treatment will have a 
considerable effect on the final result. This is particularly 
true of cases in which exudate has been present for a long 
time and has caused reduced function of the knee and atro- 
phy of the quadriceps muscle, with quadriceps insufficiency. 
Great importance has therefore been attached to beginning 
quadriceps exercises as early as possible after operation. In 
7 cases the knee was immobolized in a circular plaster cast 
for two weeks after operation, and then the usual physio- 
therapy was begun. In the remaining cases the knee was not 
immobilized in a plaster, and physiotherapy was begun 1-2 
weeks after operation. However, no conclusion can he made 
here on the relative advantages of the two methods. 

Full flexion and extension was obtained after operation 
in 5 cases 0 . Of these, 3 : had 5-10° loss of extension and 20-30° 
loss of flexion before operation. Thus, the range of movement 
in these cases was increased after synovectomy. However, in 
all the other cases the range of movement was decreased. In 
one case (Case 11) this might he explained by the fact that 
the patella was also excised at the time of the synovectomy. 
In all the remaining cases there was 5-10° loss of extension 
for six months to one year after the operation, though there 
had been full extension before operation. 3 of the 5 cases 
with satisfactory range of movement had been in plaster 
after the operation. 

In judging the patient’s disability after the operation, one 
must recognize that polyarthritis in its more pronounced forms 
is a very disabling disease. In the 6 cases’* in which the patient 
was nearly or completely disabled, nearly all the joints of the 
limbs were involved. In the remaining cases the disease was 
localized to a few joints and was usually milder. 


c Cases 1, 7a and b, 8 and 14. 
7 Cases 1, 8 and 14. 
s Cases 3, 5, 6, 9, 11 and 13. 



PARTIAL SYNOVECTOMY OF THE KNEE JOINT 


289 


The excised synovia was examined histologically in every 
case. The histological picture was uniform and showed the 
usual signs of a chronic inflammation without specific chan- 
ges. 

Thus, the results are extremely capricious, and synovec- 
tomy should only be used sparingly in patients with chronic 
polyarthritis, and then only in cases where the course of the 
disease has been mild, only a few joints have been affected, 
and the patient is not an invalid. The marked tendency of the 
disease to relapse is presumably the cause of the relatively 
poor results of partial synovectomy in patients suffering from 
polyarthritis . 


Cases With an Uncertain or Unknown Origin ( Table III). 

This group, which for the sake of brevity will he called 
here “the hydrops group”, comprises 21 synovectomies per- 
formed on 20 patients (10 males and 10 females). Tables I 
and III show the duration of the disease, the average age at 
operation and the length of the observation period. 

As mentioned earlier, this group is aetiologically very he- 
terogeneous. In addition, the treatment has varied; in 9 cases 
pathological patellar cartilage was excised as well as synovia. 

The patients in the hydrops group had as a rule no dis- 
comfort from the joint. Some of them said that the exudate 
increased on exertion, hut most said that it had remained un- 
changed for a long period. There was full range of movement, 
and the patients were to a great extent able to carry out their 
usual work. As in the previous group various kinds of con- 
servative treatment had been attempted without success. In 
addition, in most cases the joint had been aspirated repeatedly. 

Trauma was stated to have caused the exudate in 7 cases 
(Cases 1-7 in table III), the exudate being said to have fol- 
lowed a definite trauma and persisted until operation. However, 
the diagnosis of “traumatic synovitis” should be made with 
some reserve, since, even though it certainly occurs, it is 
always possible that changes were already present, though 
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TABLE III 

Hydrops of Uncertain or Unknown Origin. 

The cases marked with * were examined by the writer. 


Case 

Sex 

Age 

at 

onset 

Age at 
operation 

Time 
of ob- 

serva- 

tioii 

Pri inarv 
result of 
operation 

ltcsull of 
operation 
at 

follow-ll p 

Comments 

1* 

O.S.Y.K. 

S 

422C/37 

9 

I 

26 vrs. 

29 yrs. 
Synovectomy 
-j- ehon- 
drectomv 
(right knee) 

31 Vs vrs. 
Extirpation 
of patella 
(right knee) 

10 yrs. 

Exudate 

(No 

exudate) 

! 

j 

1% years after operation 
constant discomfort since 
operation. 

2 Vi yrs. after first opera- 
tion: excision of patella: 
much cartilage on patella 
lacking. 

1944 (7 yrs. after syno- 
vectomy) polyarthritis 

after scarlatina with in- 
volvement of operated 
knee amonst other joints. 
Follow-up examination: 
subjective discomfort, 5- 
10 degrees flexion con- 
tracture. Some hydrops. 
Radiography, before op.: 
N.A.D.; at follow-up ex- 
amination; severe arthro- 
sis deformans. 

2.* 

K.V.S. 

S 

34109 

9 

1 

19 yrs. 

I 

23 yrs. 

Synovectomy 
-f- chon- 
drcctomv 
(left knee) 

11 yrs. 

No 

exudate 

No 

exudate 

One knee becomes slight- 
ly tired. Otherwise no 
symptoms. Marked sub- 
patellar crepitations. 
Otherwise N.A.D. 
Radiography, before op.: 
slight decalcification; at 
follow-up examination: 
N.A.D. 

3. :? 

E.A.P. 

S 

5145/40 

9 

34 yrs. 

36 yrs. 
Synovectomy 
+ clion- 
drectomv 
(right knee) 

5 yrs. 

No 

exudate 

No 

exudate 

No symptoms or signs. 
Radiography, before op.: 
N.A.D. Follow-up exami- 
nation: slight accentua- 
tion of the joint con- 
tours. 
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TABLE III (cont.) 


Case 

Sex 

Age 

at 

onset 

Age at 
operation 

Time 
of ob- 
serva- 
tion 

Pri mary 
result of 
operation 

Result of 
operation 
at 

j follow-up 

Comments 

4. 

K.E.L. 

S 

2020/40 

d* 

24 yrs. 

27 yrs. 
Synovectomy 
(left knee) 

| 3 yrs. 

1 

Exudate 

No 

exudate 

No symptoms or signs. 
Radiography, before op.: 
N.A.D. 

a. 5 * 

D.V. 

S 

879/40 

’ 

9 

30 yrs. 

j 

1 

: 

I 

31 yrs. 
Synovectomy 
(right knee) 

33 yrs. 
New 

synovectomy 
(right knee) 

4 yrs. 

1 

1 

j 

1 

! 

i 

| 

i 

1 

Exudate 

1 

l 

(No 1 For 2 yrs. after second 
exudate) i synovectomy intermittent 
, exudate lasting for 2-3 
' j days with intervals of 2 

; weeks free from symp- 
j toms. No connexion with 
j menstruation. Then free 
j from symptoms for 1 yr. 
j following x-ray treat- 
ment, hut the same symp- 
toms appeared in the 
non-operated knee. 

! Radiography, before op.: 
and at follow-up: N.A.B. 

1 Follow-up examination: 

: no pathological signs or 
| symptoms. 

r,. ,f 

' S. B. A. j 
S 

3491/37 

1 

I 

; 

cf 

i 

| 

20 yrs. 

i 

25 yrs. 
Synovectomy 
(right knee) 

i 

1 

1 

! 

j 

i 

1 

1 

I 

i 

5 yrs. 

i 

i 

f 

I 

i 

i 

i 

i 

j 

1 

No 

exudate 

i 

t 

? 

No 

exudate 

i 

i 

i 

! 

i 

i 

t 

At age of 20, biopsy ar- 
1 throtomv right knee. 2-3 
yrs. after synovectomy, 
discomfort from knee. 
Follow-up examination: 
for last 2 yrs. no symp- 
toms. Plays games. 

Signs: slight quadriceps 
atrophy, otherwise N.A.D. 
Radiography, before op.: 
N. A. D.; at follow-up ex- 
amination: moderate ar- 
throsis deformans. 

7, 

J.S. 

L 

298/42 

r't 

c f 

35 yrs. 

1 

i 

! 

36 yrs. 
Synovectomy 
(right knee) 

3 yrs. j No 

| exudate 

1 

j 

j ; 

No ; No symptoms or signs, 

exudate [Radiography, before op.: 

! arthrosis deformans: 1 ^ r - 
I later, considerable pro- 
gression of this condition. 


19 Acta orthopaedics, Vol. XIX. 2 











292 


MAGNUSSON 


TABLE III (cont.) 


Case 

Sex 

Age 

at 

onset 

Age at 
operation - 

Time 
of ob- 
serva- 
tion 

Primary 
result of 
operation 

Result of 
operation 
at 

follow-up 

Comments 

8. 

E.A.B. 

S 

31219 

d 

31 yrs. 

37 yrs. 
Synovectomy 
-f- chon- 
drectomy 
(right knee) 

7 yrs. 

No 

exudate 

No 

exudate 

Pain at times. Marked 
subpatcllar crepitations. 
Radiography, before op.: 
diffuse decalcification in 
right knee. Left knee 
N.A.D. 

9.® 

H.E.A. 

S 

4958/40 

d 

49 yrs. 

51 yrs. 
Synovectomy 
(ieft knee) 

0 yrs. 

Xo 

exudate 

i 

No 

exudate 

Xo symptoms. 

Knee slightly deformed 
with some thickening of 
the capsule. Subpatellar 
crepitations. 

Radiography, before op.: 
slight decalcification; at 
follow-up examination: 

fairly severe arthrosis de- 
formans. 

10. 

N.Ch.K. 

S 

1139/40 



I 

20 yrs. 
Synovectomy 
(left knee) 

5 yrs. 

Exudate 

Exudate 

Xo pain. Repeated exudate 
after puncture after ope- 
ration. 

Radiography, before op.: 
N.A.D. 

11 * 

K.E.P. 

S 

2834/40 

d 

35 yrs, 

30 yrs. 
Synovectomy 
-f- chon- 
drectomy 
(right knee) 

7 yrs. 

No 

exudate 

No 

exudate 

At age of 20, op. for free 
joint bodies in right knee. 
Knee felt somewhat weak- 
er after op. Otherwise no 
symptoms. 

Signs: subpatcllar crepi- 
tations. Full extension, 
90 degrees flexion. 
Radiography, before op.: 
slight arthrosis deformans 
-f- osteochondritis dessi- 
cans -f- free body in sub- 
patellar bursa; at follow- 
up examination: consider- 
able arthrosis deformans. 
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TABLE III (cont.) 


Case 

Sex 

Age 

at 

onset 

Age at 
operation 

Time 
or ob- 
serva- 
tion 

Primary 
result of 
operation 

Itcsult of 
operation 
at 

follow-up 

Comments 

12. 

I.V.L. 

S 

3430/39 

o 

2G vrs. 
* 

27 vrs. 

Svnovectomv 

- 

(righl knee) 

4 vrs. 

No 

exudate 

No 

follow-up 

examina- 

tion 

At age of 23, excision of 
R. medial meniscus. 
Radiography, before op.: 
slight diffuse decalcifica- 
tion. 

13.* 

T. H. 

L 

485/42 

d 

24 vrs. 

25 vrs. 
Synovectomy 
(left knee) 

3 vrs. 

No 

exudate 

i 

No | Exudate in the unoperated 

exudate | knee about G mtlis. after 
! synovectomy. At present 
i no signs or symptoms in 

1 right knee. 

! Radiography, before op.: 
i and at follow-up examin- 
| at ion: N.A.D. 

14.* 

Hj.M. 

L 

V:C:273 

d 

58 vrs. 

59 vrs. 
Synovectomy 
-p elion- 
drectomv 
(right knee) 

2 vrs. 

Exudate 

No 

exudate 

Pain in knee after opera- 
tion. otherwise N.A.D. 
Radiography , before op.: 
and at follow-up examin- 
ation: arthrosis deform- 
ans. 

15 * 

K.G.J. 

S 

1817/38 

d 

32 vrs. 

3(i vrs. 
Synovectomy 
(left knee) 

i 

i 

i 

7 VTS. 

1 

i 

1 

Exudate 

! 

j 

! 

i 

(No 

(exudate 

i 

! 

i 

At age of 32 op. for me- 
niscus injury, left knee. 
Subsequently, intermit- 

tent hydrops, first in left 
knee and later also in 
righl. Only 0 vrs. after 
synovectomy exudate dis- 
appeared following injec- 
tions of gold salts. 
Follw-up examination: no 
pain or other symptoms. 
Radiography, before op.: 
N.A.D.: at follow-up ex- 
amination: thinning in 
foci of the middle part of 
the medial tibia! condyle. 


19 * 
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TABLE III (coni.) 


Case 

Sex 

Age 

at 

onset 

Age at 
operation 

Time 
of ob- 
serva- 
tion 

| Primary 
i result of 
j operation 

Itesull of 
operation 
at 

follow-up 

Comments 

16a. 

K.T.O. 

S 

1096/37 

9 

22 vrs. 

29 yrs. 

Synovectomy 
-f- clion- 
drectomv 
(left knee) 

<8 yrs. 

No 

exudate 

No 

exudate 

1 

Intermittent pain in knee 
joints. Otherwise no 

symptoms or signs. 
Radiography, before op.: 
very slight deformans 
changes. 

16 b. 

S 

1096/37 

9 

22 yrs. 

30 yrs. 
Synovectomy 
-j- clion- 
drcetomy 
(right knee) 

1 

: 

7 yrs. 

! 

No 

exudate 

i 

No 

exudate 


17* 
ILL. S. 

S 

5382/41 

. 

t 

9 

1 

i 

J 

30 yrs. 

t 

: 

31 yrs. 
Synovectomy 
(left knee) 

5 yrs. 

i 

i 

No 

exudate 

i 

No 

exudate 

Follow-up examination: 
no symptoms. 

Signs: considerable sub- 
patcllar crepitations. 
Radiography, before op.: 
slight decalcification; at 
follow-up examination : 
slight signs of arthrosis 
! deformans. 

IS.” 1 

E.K.R. 

S 

1975/41 

o 

25 vrs.j 

j 

35 yrs. 
Synovectomy 
(right knee) 

i 

6 yrs. 

1 

No 

exudate 

t 

_ 

Xo 

exudate 

' 

For a year or two after 
operation continuous pain 
in knee, and at times 
swelling after exertion. 
Follow-up examination: 
no symptoms. 

Signs: a few subpatellar 
[ crepitations, otherwise 

N.A.D. Large exudate in 
the unoperated knee. 
Radiography, before op.: 
very slight diffuse decal- 
cification. 
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TABLE III (cont.) 


Case 

Sex 

Age 

at 

onset 

1 

Age at 
operation 

Time 
of ob- 
serva- 
tion 

Primary 
result of 
operation 

Result of 
operation 
at 

follow-up 

Comments 

18.* 

(cont.) 

! 

I 

' 

1 

j 

i 

1 

i 


i 

j 

I 

Resorption experiments 
with perabrodil showed 
considerably retarded re- 
sorption from the right 
knee; at follow-up, mode- 
rate arthrosis deformans 

19* 

A.M.D. 

S 

3180/37 

9 

l 

20 vrs. 

! 

35 vrs. 

Synovectomy 
-f- chon- 
drcctomy 
(left knee) 

i 

[lO vrs. 

I 

; 

! 

No 

exudate 

: 

No 

exudate 

! t 

Follow-up examination: 
No symptoms. Subpatcllar 
crepitations. Otherwise 

N.A.D. 

Rndiofirnphij, before op.: 
moderate decalcification 
in patches. Slight accentu- 
ation of the joint con- 
tours; at follow-up ex- 
amination: very slight 
deformans changes. 

20.* 

M.H.P. 

S 

875/43 

9 

|15 vrs. 

; 

25 vrs. 
Synovectomy 
(right knee) 

j 

j 

1 

1 _ 

o vrs. 

i 

i 

j 

1 

i 

1 

j 

1 

i 

i 

i 

No 

exudate ! 

I 

No 

exudate 

j 

i 

Follow-up examination: 
no symptoms. Free move- 
ment. Considerable sub- 
patcllar crepitations. 
Radioaraplw, before op.: 
diffuse dccalcification ; at 
follow-up: arthrosis de- 
formans. 

Recently, synovectomy of 
left knee. Signs of slight 
chondromalacia of the pa- 
tella. 

Biopsy: synovitis dechon- 
drodclritica. 


(No exudate) means that the exudate disappeared only a long time 
after the operation. 

S, L and G in the first column denote whether the patient was treated 
at the Orthopaedic Clinic of the Karolinska Instilulel in Stockholm, the 
Orthopaedic Clinic in Lund or at Vanforeanslalten in Gothenburg. 
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symptomless. It is well known that even a minor injury can 
cause severe symptoms in a joint which is the site of a pa- 
thological lesion. Such a joint is always more affected by 
trauma than one which is healthy. The course of a traumatic 
synovitis is briefly the following. After the injury hyper- 
aemia of the synovia develops, and there is extravasation 
of plasma with passage of the leucocytes out of the blood 
vessels into the joint cavity ( Leriche and Policard, Policard, 
D. H. Kling, Smillie, etc.). According to IUing, slight but re- 
peated trauma can be an important factor in the development 
of changes in the joints. With the raised intra-arlicular pres- 
sure caused by the exudate, the lymphatic vessels can become 
obliterated (Smillie). The joint fluid becomes more acid, and 
colloids, particularly fibrin, are precipitated (Smillie). Secon- 
dary atrophy of the quadriceps muscle occurs, and the re- 
sulting insufficiency of the quadriceps function may increase 
the trauma to the joint on walking; this, in its turn, can give 
rise to increased exudation, etc. 

Radiographic evidence of arthrosis deformans was found 
at the time of synovectomy in case 7, but in more of the other 
cases in which trauma was stated to be the cause of the exu- 
date did the radiographs show any changes. 

In 2 cases (Cases 8 and 9) the hydrops was intermittent. 
Table III shows that the condition Jiad persisted for 6 and 2 
years respectively before the synovectomy, occurring in case 
8 at intervals of 6 months to 1 year, and in case 9 for 1-2 
weeks at intervals of 4-6 weeks 9 . Two further cases, namely 
cases 5 and 15, may also he mentioned here. 

Case 5 had intermittent hydrops for six years after a se- 
cond synovectomy. When it had regressed, intermittent hy- 
drops developed in the other, previously healthy knee. Case 15 
was operated for a meniscus lesion; intermittent hydrops de- 
veloped after the operation, first in the operated knee and later 
in the other (v. table III). 

9 Several writers ( Kahlmcter , and others) consider that the intervals 
should usually be closer for a definite diagnosis of intermittent hydrops. 
It is therefore questionable whether Case 8 should be included. 
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In the literature, intermittent hydrops is said to be un- 
common. Louen (1934) published a report of 70 cases from 
the literature, and added 2 of his own. Kahlmeter, who stressed 
the rarity of the condition, found 23 cases, or 2 per cent, 
among a large series of cases with pathological joint chan- 
ges. Its aetiology is unknown. Infections, endocrine disturb- 
ances, metabolic disturbances, angioneuroses (in analogy 
with Quincke’s oedema), allergic disturbances, arthrosis de- 
formans, etc. have been postulated as possible aetiological 
factors. A variety of treatments have therefore been suggested. 
In addition to internal treatment and physiotherapy, x-ray 
treatment has been recommended. Berger reported a case 
which became entirely free from symptoms following “allergic 
treatment”. Synovectomy has been performed in some cases. 
Mandl and Krida each reported 2 cases. In one of Ulondl’ s 
cases the exudate returned after synovectomy, though at longer 
intervals; in the other it disappeared altogether. Both Krida’s 
patients were free from exudate after operation. — Cases 8 
and 9 of this paper were free from exudate after synovectomy. 

In the remaining 11 cases (12 synovectomies), i.e. cases 
10-20 in table III, the exudate occurred without any demon- 
strable cause. Of these cases, 9 became primarily free from 
exudate and 10 were free at the follow-up examinations. 

Thus, in the hydrops group, consisting of 21 cases of syno- 
vectomy, exudate was present primarily after operation in 6 
cases and at the follow-up examinalion in 1 case (case 10). 
In 4 cases 10 , however, its disappearance cannot be attributed 
to the synovectomy, since it persisted for a long lime after the 
operation. There are thus altogether 5 cases with unrelieved 
hydrops out of 20 synovectomies (1 had no follow-up exami- 
nation), i.e. 75 per cent were free from exudate. 

Table IV shows the radiographic findings in the entire 
hydrops group before synovectomy, and in those radiographed 
both before operation and at follow-up. It is seen that at the 
follow-up examination no less than 10 of the patients showed 


10 Cases 1. 5, G and 15. 
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TABLE IV 


Results of Radiographic Examination of the » Hydrops Group « 
(21 Synovectomies: fable. 111). 



Before 

synovectomy 

Follow-up radiography (14 cases) 

Before 

synovectomy 

After 

synovectomy 

’ 

No radiographic changes 

8 a > 

O'" 

. <r\ 

Calcium reduction .... 

7 b) 

5 C) 

— 

Arthrosis deformans. . . 

G c) 

3 f > 

10 h) 


! 2, 

14 

14 


a) Cases 1, 3, 4, 5, G, 10, 13 and 15. 

b) Cases 2, S, 9, 12, 17, 18 and 20. 

c) Cases 7, 11, 14, 16 a and 1), and 19. 

d) Cases 1, 3, 5, 6, 13 and 15. 

e) Cases 2, 9, 17, 18 and 20. 

f) Cases 11, 14 and 19. 

g) Cases 2, 5, 13 and 15 (in Case 15 foci of thinning of unknown origin 
in the libial condyle. 

h) Cases 1, 3, 6, 9, 11, 14, 17, IS, 19 and 20. 

radiographic evidence of arthrosis deformans, and that in 7 
of them these changes had appeared during the period between 
the operation and the later examination. 

If the subjective results in the cases with and without 
arthrosis deformans are compared, it is found that out of 
the first group only cases 1 and 14 had symptoms, and the 
other 7 had no symptoms from the operated knee at the fol- 
low-up examination. Nevertheless, as has already been men- 
tioned, cases 1 and 14 occupy to some extent a unique posi- 
tion, since case 1 had developed a polyarthritis after and case 
14 already had a fairly severe arthrosis deformans before 
operation. In case 18 the hydrops disappeared only two years 
after synovectomy and cannot, therefore, he included among 
those free from symptoms. It can thus be stated that arthro- 
sis deformans, which radiographically has developed after 
synovectomy, need not be accompanied by any symptoms. 
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As regards the relation between the radiographic changes 
before and exudate after synovectomy only 3 of the 8 cases 
without radiographic changes before had no exudate after 
operation. Patients with rarefaction or with arthrosis defor- 
mans were free from exudate with one exception (Case 14). 
Although the number of cases in each group is small, it is 
impossible not to be struck by the fact that the cases with 
exudate after operation were mainly from the group without 
pre-operative radiographic changes. — If the late results of 
synovectomy are related to the radiographic picture at the 
follow-up examination, it is seen that of the 14 cases thus 
examined synovectomy did not have the desired result in 
4, of whom 2 (Cases 1 and 6) had arthrosis deformans, 1 
(Case 5) no radiographic changes and 1 (Case 15) thinning 
of the medial condyle of the tibia. Of the 9 remaining cases 
without exudate, 8 had arthrosis deformans at the follow-up 
examination". In 3 of these", the disease had already been 
present before operation. It is thus evident that although radio- 
graphic signs of arthrosis deformans developed after synovec- 
tomy, no exudate occurred. 

It has already been mentioned that in a number of cases 
chondrectomy was performed in addition to synovectomy. 
This combined operation was carried out on altogether 9 pa- 
tients”, or nearly half the cases in the hydrops group. All 
except 1 (Case 2) of the 6 synovectomy -f- chondrectomy cases 
who were radiographed at the follow-up examination had 
arthrosis deformans. Case 1 must nevertheless be excluded for 
the aforementioned reasons. It is true that in case 14 the 
condition was already present before synovectomy, but the 
changes seen on the radiographs at the follow-up showed 
such appreciable progression that the inclusion of the case 
is justified. Of the 8 cases on whom synovectomy was perfor- 
med alone, who were examined radiographically at the follow- 
up, only 3 (Cases 9, 17 and IS) had arthrosis deformans. 

11 Cases 3, 9, 11. 14, 17, IS, 19 and 20. 

Cases 11, 14 and 19. 

» Cases 1, 2. 3, 8, 11. 14, 16a, 1Gb and 19. 
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TABLE V 

Cases Treated bj / Intramuscular Drainage. 
(All from the Orthopaedic Clinic in Lhnd) 1 . 


Case 

Sex 

Age 

at 

onset 

- 

Age at 
operation 

1 

Time 
of ob- 
serva- 
tion 

Primary 
result of 
operation 

Result of 
operation 
at 

follow-up 

Comments 

i. 

L.D. 

179/3G 

cf 

43 yrs. 

44 yrs. 
Intra-mus- 

cular 
drainage 
(right knee) 

12 yrs. 

Exudate 

No 

exudate 

Approx. 10 yrs. before 
operation the patient had 
transient discomfort from 
right knee on one or two 
occasions. Post-operative 
x-ray treatment. Follow- 
up examination: no dis- 
comfort from knee. Sub- 
patellar crepitations. 
Radiograj>hy, before op.: 
N.A.D.; at follow-up exa- 
mination: severe arthro- 
sis deformans right knee, 
left N.A.D. 

2. 

G.L.B. 

135/37 

o 

21 yrs. 

29 yrs. 
Intra-mus- 

cular 
drainage 
-f- chon- 
drectomy 
(left knee) 

11 yrs. 

i 

No 

exudate 

No 

exudate 

• 

Follow-up examination: 
no subjective symptoms. 
Objective symptoms: con- 
siderable subpatellar cre- 
pitations in left knee, 
none in right. 
Radiography, before op.: 
i N.A.D. ; at follow-up exa- 
mination: N.A.D. 

i 

3. 

M. N. 
191/37 

cf \ 

41 yrs. 

41 yrs. 
Intra-mus- 

cular 
drainage 
-f- chon- 
drectomy 
(right knee) 

10 yrs. 

Exudate 

No 

exudate 

Exudate after trauma in 
right knee at 38 yrs. Then 
free from symptoms until 
41, when exudate after 
new trauma. Operation 
only 2 mths. later. 
Follow-up examination: 
subpatcllar crepitations 

right, somewhat less left 
knee. 

Radiography, before op.: 
N.A.D.; at follow-up exa- 
mination: N.A.D. 
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TABLE V (cont.) 


Case 

Sex 

Age 

at 

onset 

Age at 
operation 

Time 
of ob- 
serva- 
tion 

Primary 
result of 
operation 

| Result of 
operation 
at 

follow-up 

Comments 

4. 

S.M. 

196.37 

‘ 

9 

21 yrs. 

22 yrs. 
Intra-mus- 

cular 

drainage 

10 yrs. 

Exudate 

j 

1 

i 

No 

exudate 

Exudate in connexion 
with trauma, also gonor- 
rhoea. Probably a gono- 
coccal arthritis. No fever. 
Follow-up examination: 
Knee swells on exertion. 
Otherwise no symptoms. 
No signs. 

Radiography, before op.: 
N.A.D.; at follow-up exa- 
mination: arthrosis de- 
formans. 

5. 

J.J. 

201/37 

<f 

34 yrs. 

36 yrs. 
Intrn-miis- 

cular 
drainage 
-j- excision 
of medial 

meniscus 
(left knee) 

10 yrs. 

No 

exudate 

No 

exudate 

Exudate in connexion 
with trauma, when the 
previously undiagnosed 

meniscus injury was also 
found. 

Follow-up examination : 
no sypmloms or signs. 
Radiography, before op.: 
Some calcium atrophy; at 
follow-up examination : 
arthrosis deformans. 

0. 

S.H.IL 

232 37 

o 

26 yrs. 

27 yrs. 
Intra-mus- 

ettiar 
drainage 
-j- chon- 
drectomv 
(left knee) 

10 yrs. 

j 

i 

i 

\ 

i 

j 

No 

exudate 

Xo j Exudate without known 

exudate j cause. 

i Follow-up examination: 
j no symptoms or signs, 
i Radiography, before op.: 
j N.A.D. ; at folloxv-up exa- 
mination: sligltt arthrosis 
! deformans. 

7. 

K. 0. 
792/38 

<? 

21 vrs. 

oi vrs j <) vrs i Exudate ! No Exudate without known 

Intra- ' i : exudate , cause, 

muscular | j ; Follow-up examination: 

drainage ! ! , no symptoms or signs. 

(left knee) ! j Radiography, before <>p.: 

j N.A.D.: at follow-up ex a - 

| ; mination: N.A.D. 
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TABLE V (cont.) 


Case 

Sex 

1 

Age 

at 

onset 

Age at 
operation 

Time 
of oli- 

serva- 
| tion 

Primary 
result of 
operation 

Result of 
operation 
at 

| follow-up 

Comments 

8. 

R.H. 

312/38 

O 

41 yrs. 

41 yrs. 

Intra- 
muscular 
drainage 
*T chon- 
drcctomv 
(left knee) 

9 yrs. 

No 

exudate 

No 

exudate 

Exudate without known 

cause. 

Follow-up examination: 
no symptoms or signs. 
Radiography, before op.: 
N.A.D.; at follow-up exa- 
mination: N'.A.D. 


1 I wish to express my thanks to Docent Folke Stfihl, Lund, for his 
help in the clinical and radiological examinations of these patients. 


Cases 9 and 18, however, also had changes in the patellar 
cartilage, though these were so mild that chondrectomv was 
not considered to he indicated. The difference in the frequency 
of arthrosis deformans is evident. Nevertheless, the numbers 
in both groups arc too small to allow any comparisons to he 
made, particularly since only in 4 of the cases treated by 
synovectomy alone was it noted in the report of the operation 
that the patellar cartilage had been inspected. No mention 
was made of its condition in the remaining cases. 

Actually, little is known of whether the cartilaginous 
changes precede or follow the exudate. The general opinion 
appears to he that the cartilaginous changes are primary, and 
the exudate secondary to them ( Ldwen , and others). Under 
normal conditions, suspended attrition products from the joint 
cartilage are present in the synovia ( Hnmmar , Meyer, Key, 
and others). In pathological conditions there is increased at- 
trition of the cartilage, and an increased overflow of the par- 
ticles into the synovial joint. These particles are absorbed by 
the synovial membrane. According to Hulten and Gellerstedt, 
the synovial membrane then responds with hyperaemia, and 
increased formation of connective tissue causes thickening of 
the capsule (synovitis chondrodetritica) . In their opinion, the 
improvement after chondrectomy de])ends on a reduction of 
















PARTIAL SYNOVECTOMY OF THE KNEE JOINT 


303 

the excess of attrition products and thereby removal of the 
cause of the synovial irritation. The present writer was, how- 
ever, unable to find, in a number of cases 1 ' of severe malacic 
changes in the patellar cartilage, any changes in the synovial 
membrane like those described by Hullen and Gellerstedt. 
The aetiology af the irritation phenomenon in the joint need 
not be a synovitis chondrodetritica in every case. On the 
other hand, synovitis chondrodetricitica with considerable 
swelling of the synovial membrane and even macroscopic 
oedema in the subsynovial tissue was found in one case 11 ', in 
which the only cartilaginous change was a small focus of soft- 
ening within the medial surfaces of the patella, without other 
changes in the cartilage. These observations suggest that Hullen 
and GcllersteclV s explanation of the origin of the synovial irri- 
tation is not generally applicable. Although no major general 
conclusions can be drawn from these observations in indi- 
vidual cases, it nevertheless appears that the synovial reaction 
bears no direct relation to the degree of change in the carti- 
lage. 

There are, however, many cases of chondromalacia of the 
patella — and those reported here undoubtedly belong to this 
category — in which one is more inclined to consider the car- 
tilaginous changes in the patella as part of a general disturb- 
ance of the normal physiology of the joint than as an other- 
wise isolated phenomenon. In such cases, exudate was the 
first clinical sign, and there is nothing to contradict the as- 
sumption that, as regards time, the exudate is actually pri- 
mary to the changes in the cartilage. It is possible that the 
presence in a joint over a long period of a fluid which is 
both quantitatively, and probably even qualitatively, in respect 
of both its chemical composition and physical properties, 
pathological, can contribute to or hasten the onset of degene- 
rative cartilaginous changes. The fact already mentioned that 
exudate was present mainly in those cases in which there 

11 From the Orthopaedic Clinic in Lund. Case sheets 947/45, 145/4(5. 
159/4G, 252/46, 746/46, 1295/46. 

15 v. Case 20, Table III. 
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were no demonstrable changes, supports this assumption. 
Neither the duration of the disease up to the time of synovec- 
tomy nor the length of the period of observation, appear to 
affect the occurrence of arthrosis deformans. Nor is there any 
reason for presuming that the synovectomy per se could 
cause the deformans changes. 

In all cases,. the excised synovia was examined histologic- 
ally and showed the same uniform picture as in the cases with 
polyarthritis, i.e. that of chronic synovitis. The results of 
other laboratory investigations — sedimentation rate, Wasser- 
man reaction, tests on guinea-pigs with the exudate, etc. — 
were normal. 

Great importance has been accorded in some quarters to 
the possibilities afforded by radiographic investigations of 
resorption. In two cases (Cases 6 and 18) from the present 
material attempts were made before the synovectomy to deter- 
mine the rate of resorption from the knee joint. Perabrodil, 
a crystalline substance, was used. In case 6, where only the 
affected knee was examined, all contrast had disappeared 
from the joint after 4 hours. In case 18, both knees were 
studied. It was then found that after 2 hours a considerable 
amount of the contrast medium remained in the right, affec- 
ted knee, while in the left, normal knee most of it was re- 
sorbed after 1 hour, and the rest after 2 hours. Thus there 
was retarded resorption in the affected knee joint as com- 
pared with the healthy one. Unfortunately, no resorption ex- 
periments were made after synovectomy. 

In another case, however, which is not included in the 
present material, since the operation was performed fairly 
recently, this examination was made. The case presents some 
interesting aspects, and an account of it is therefore given in 
the following 10 . A 27-year old woman had a partial synovec- 
tomy in February 1947 after having exudate in the right knee 
continuously for 10 years. It may be of interest to note that 
she suffered from psoriasis. Contrast examination with pera- 


1G 


From the Orthopaedic Clinic in Lund. 
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brodil before synovectomy showed considerably more rapid 
resorption from the right, affected knee than from the left. 
Two months after synovectomy the examination was repeated, 
and the rate of resorption was found to he the same in both 
knees. At this time there was still exudate in the right knee. 
Thus in this case synovectomy was followed by a reduced 
rate of resorption. This agress well with the results obtained 
by Efskind, who pointed out that the resorption capacity 
decreases after synovectomy and even after simple arthro- 
tomy. 

It is thus seen that of the 2 hydrops cases 1 had retarded 
and 1 accelerated resorption from the affected knee. In the 
former, (Case 18) histology showed severe fibrous thickening 
of the capsule wall with a plentiful formation of new vessels. 
In the latter, histology showed a non-specific synovitis with 
formation of new vessels and an infiltration of round cells 
round them. 

The experimental studies already mentioned have shown 
that crystalline substances are resorbed through the blood 
vessels. In the two cases reported here there was plentiful new 
formation of vessels in the subsynovial tissue. In case 18 
there was also a fibrous thickening of the capsule, which 
might have decreased the possibilities of resorption. The re- 
sults of the investigation in the second case could he explained 
by the fact that the very vascular subsynovial membrane, 
which would facilitate resorption from the affected knee, was 
reduced by the operation. The synovectomy might by this rea- 
soning he thought to have been contra-indicatcd in this in- 
stance. However, it must he remembered that parabrodil is a 
substance foreign to the organism, and the results of resorp- 
tion experiments cannot answer the cpiestion whether syno- 
vectomy should or should not he performed. Further, they 
give no information about the absorption through the lym- 
phatic system. Too little is yet known about the ways and 
means of resorption of a number of the substances composing 
the exudate in the knee joint. 

Another operation than synovectomy has been suggested 
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for chronic hydrops of the knee joint, i.e. so-called intra- 
muscular drainage ( Lciwen ). Table V shows that this opera- 
tion was performed in 8 cases. Although they fall outside the 
scope of the present paper they are mentioned as they have 
some points of interest. It is scarcely possible to make any 
direct comparison between them and the patients treated by 
synovectomy, since the two groups differ in one or two re- 
spects. Synovectomy was only performed when the condition 
had lasted over five years, while the average duration in the 
cases treated by intramuscular drainage was only just over 
one year. The observation period, however, was almost twice 
that of the synovectomy patients, i.e. approximately 10 years. 
4 of them had a primary exudate, but at the follow-up 
examination all were free from it. In 4 cases (Cases 1, 4, 5 
and 6) arthrosis deformans was found at follow-up. Efskind’s 
theory that chronic hydrops of unknown origin must be due 
to an increased production of joint fluid makes him regard 
fenestration of the capsule as an irrational operation in these 
cases. The cases mentioned here — which belong to the cate- 
gory “hydrops of unknown origin” with the reservations re- 
garding traumatic exudate already mentioned — -do not sup- 
port his view. 

To sum up the results of partial synovectomy: Of 36 cases 
ivho were examined at the follow-up 21 were free from exudale, 
i.e. just over 60 per cent. The results were poorer in the poly- 
arthritis cases than in those with exudate of other origins 
(40 and 75 per cent respectively free from exudate). Many 
authors definitely warn against synovectomy in cases of 
polyarthritis ( Bernstein , and others), whereas others do not 
regard it ( Allison , Boon-Itt, Inge, Massoro, Speed. Swett, etc.) 
as a contra-indication. 

The results reported in the present paper appear to agree 
with those of other writers ( Bernstein , Boon-Itt, Jones, Mas- 
soro, Speed, Swett, and others). It is, however, frequently 
impossible to make a direct comparison between the different 
series. Thus, for example, the cases reported here differ from 
those of some other writers as regards operative technique, 
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the duration of observation, etc., so that the results are pro- 
bably not comparable. 


S U M M ARY 

The writer reports 36 partial synovectomies performed on 
34 patients. Fifteen of the synovectomies (14 patients) were 
performed on cases of chronic polyarthritis (v. table II); the 
exudate in the remaining cases (“hydrops group”) was of 
uncertain or unknown origin (v. table III). Table 1 shows 
the duration of the disease, age at operation, etc. After opera- 
tion only 6 of the polyarthritis cases and 15 of the hydrops 
cases were free from exudate. 

In respect of patients with polyarthritis, the value of the 
sedimentation rate in deciding the most suitable time for the 
operation is discussed. It was found, however, that cases with 
very high sedimentation rates during the period immediately 
preceding synovectomy do not necessarily have poorer results 
than cases with a lower sedimentation rate. 

The use of synovectomy in patients with polyarthritis 
should be limited and the cases carefully selected. 

In the “hydrops group” trauma was believed to have caus- 
ed the exudate in 7 cases. In 2 cases there was typical inter- 
mittent hydrops. 10 out of the 14 cases who were examined 
radiographically at follow-up examination showed arthrosis 
deformans. The development of this condition is not neces- 
sarily accompanied by any symptoms nor does it favour the 
onset of hydrops. The reason for the relatively large number of 
deformans changes is discussed. 

Finally, S cases treated by intramuscular drainage are re- 
ported; all were free from exudate at the follow-up examina- 
tion. Arthrosis deformans was present in 4 cases. 


R E s U M E 

L’auteur rapportc 36 synovectomies partielles pratiquees 
sur 34 malades. Quinze de ces synovectomies (1-1 maladcs) 


20 Acta orthopnedlcn. Vol. XIX, 2 
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ont etc pratiquees sur ties cas de polyarthrite chronique (voir 
tableau II) l’exsudat des autres cas (“groupe hydropique”) 
etant d’origine incerlaine ou inconnue (voir tableau III). On 
voit au tableau I la duree de la maladie, Page des malades au 
moment de l’operation, etc. Apres l’operation, c’cst seulement 
dans 6 des cas polyarthritiques et 15 des cas hydropiques que 
l’on n’a pas trouve d’exsudat. 

Quand il s’agit de malades souffrant de polyarthrite, la 
valeur du taux de la sedimentation pour decider du moment 
le plus propice a 1’ operation est discutee. On a trouve, en effet, 
que l’on n’obtient pas necessairement des resultats moins favo- 
rables dans des cas ayant un taux tres eleve de sedimentation 
durant la periode precedant immediatement la synovectomie 
que dans ceux ayant un taux de sedimentation plus faible. 

L’usage de la synovectomie chez les malades souffrant de 
polyarthrite doit etre limite et les cas minutieusemcnt selec- 
tionnes. 

Dans le “groupe hydropique”, on croil que ce sont des 
traumatismes qui ont provoque l’exsudat dans 7 cas. Dans 2 
cas il s’agissait d’hydropisie intermittente typique. 10 cas sur 
14 ont ete examines a la radiographic et les examens ulterieurs 
ont niontre des processus d’arthrosis deformans. Le develop- 
pement de ceux-ci n’est pas necessairement accompagne de 
symptomes et ne favorise pas l’attaque hydropique. La raison 
du nombre relativement eleve des modifications deformantes 
est discutee. 

Enfin, 8 cas traites par drainage intramusculaire sont 
rapportes: il n’y avait d’exsudat chez aucun d’entre eux a la 

c 

reexamination. On a constate 1’arthrosis deformans dans 4 
cas. 


ZUSAMMEXFASS U N G 

Der Verfasser herichtet iiher 36 palielle Synovektomien, die 
an 34 Patienten ausgefiihi't wurden. 15 der Synovektomien 
(14 Patienten) wurden in Fallen chronischer Polyarthritis aus- 
gefiihrt (sieh tabelle II). Das Exudat in den iibrigen Fallen 
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(„Hydrops Gruppe") war von ungewissem odcr unbckann- 
tem Ursprung (sieh labellc III). Tabellc I zeigt die krankheils- 
dauer, das Alter bel der Operation, etc. Nach der Operation 
waren nur 6 der Polyarthritis Fiille und 15 der „Hydrops“ 
Falle frei von Exudat. 

Mit Hinsicht auf die Polyarthritis-Patienten wird der Wert 
der Senkungsgeschwindigkeits zur Feststeilung des gtinslig- 
sten Zeitspunktes fiir die Operation, diskulicrl. Man fand je- 
doch dass Falle mit sehr holier Senkung wabrend des der 
Synovektomie unmittelbar voran gehenden Periode nicht nol- 
wendigenveise scblechtere Resultate aufweisen als Fiille mit 
niedriger Senkung. 

Die Anwendung der Synovektomie bei Patienten mil Poly- 
arthritis sollte eine begrenzle sein und die Fiille solllen sorg- 
fiiltig ausgewahlt werden. 

In der „Hydrops“ Gruppe hatle ein Trauma das Exudat 
walirscheinlich in 7 Fallen hervorgerufen. In zweien bandcllc 
es sich um einen typiseben intermiltierenden Hydrops. 10 von 
den 14 Fallen zeigten bei der Nachunlcrsuchung rontgcnolo- 
gisch arthrosis deformans. Die Enlwicklung dieses Zustandcs 
ist niebt notwendigerweise von Symptomen begleitet, noch 
begiinstigt sie die Entstehung eines Hydrops. Dcr Grand fiir 
die relaliv grosse Zahl der deformierenden Veriinderungen 
wird bcsprochen. 

Zuletzt werden S Falle bcsprochen die mit intramiskuliirer 
Drainage behandelt wurden. Alle waren frei von Exudat bei der 
Nachuntersuchung. Arthrosisdeformans war in -1 Fallen vor- 
handen. 
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FROM THE NATION ALFORENINGENS HOSPITAL FOR SURGICAL 
TUBERCULOSIS, JUELSMINDE. CHIEF: HANS THOMSEN, DR. MED. 


ON RESECTION OF THE KNEE 

nv 

HELGE SKARENBORG 

45 cases of knee resection operated at the Coast Hospital 
during the years 1937-47 were studied. The patients were aged 
between 17 and 51 years. 

Etiology. There were 34 cases of tuberculous osteoarthri- 
tis, and 2 with non-tuherculous conditions (one chondroma- 
lacia, one staphylococcal arthritis). In the remaining 9 cases 
the etiology was uncertain, but presumably it was tubercu- 
lous; 5 had other tuberculous foci (4 pulmonary, 1 had proctitis 
also) and one tuberculous spine. It should be mentioned that 
Wassermann, Gonococcal and Widal tests were performed on 
all the patients and were all negative in every case. 

The symptomatalogy will not be discussed here, but the 
duration of the symptoms before operation is shown in Fig. 1. 

Other Tuberculous Manifestations. 26 cases cither had, or 
had had previously other manifestations of tuberculosis. In 11, 
pulmonary tuberculosis was confirmed by demonstration of 
tubercle bacilli in the sputum or stomach wash-out, the tu- 
bercle bacillus being of human type in all. 4 had previously 
had pleuritis. In all, 9 cases had had previous pleuritis. In 
addition to the primary foci, which will be discussed later, 
radiography showed 5 cases with healed pulmonary tuber- 
culosis. 3 patients had tuberculosis of the spine, one with an 
abscess in the iliac fossa, and 2 had tuberculous osteomylitis 
elsewhere. 6 had tuberculosis in other joints. 2 had genital 
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tuberculosis (1 epididymitis and spermatocvstitis, the other 
epididymitis and prostatitis), 1 renal tuberculosis and 3 tu- 
bercle bacilluria (without any other sign or symptom of 
urogenital tuberculosis). Of the last 6 the tubercle in the 
urine was of human type. Finally, one case had a tuberculous 



— ri rc 

l i J, 




Fit 7 . 1. 


Duration of symptoms before operation. 


ulcer in the retromandibular region and a tuberculoma on one 
leg. 

Route of Entry. It is not possible to get a clear impression 
of in how many cases one could discover the route of entry, 
since not all cases had radiographs of the abdomen and neck. 
In recent years this hospital has begun to take routine radio- 
graphs of the neck and abdomen in all patients. 

In this series, the route can be determined with certainty 
in 24. i.e. ca. 53 %. In 1, entry occurred through the tonsils; 
in 2, there was a double route, the tonsils and lungs, and the 
mesenteric glands and lungs: in the remaining 21 cases the 
primary focus was in the lungs. 
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11 is permissible to say lhal if this question had been in- 
vestigated systematically from the beginning the figure would 
almost certainly be considerably higher. 

Skin Temperatures. In most of the cases (37) the skin 
temperature was determined by Ipsen’s method. It was found 
that the skin temperature over the affected knee was from 
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Distribution of differences of skin temperature on the 2 knees in 37 cases. 

0-2.8° C higher than over the healthy knee. This is shown in 
Fig. 2, the abscisse representing the temperature difference, 
the ordinate the number of cases. The curve has a definite 
maximum at a temperature difference of below 1° C. Approxi- 
mately the same curves were obtained for all 3 groups, viz. 
cases with active and inactive tuberculous osteoarthritis, cases 
of uncertain aetiology, and non-tuberculous cases. The last 
group includes, as already described, 2 cases, one chondroma- 
lacia which showed no temperature difference, and one 
staphylococcal arthritis with 0.9° C difference. 

All groups are included in the curve in Fig. 2. Of the 5 
cases which showed no temperature difference between the 
two sides 2 were of uncertain aetiology, 1 had inactive, 1 active 
tuberculosis and, as already mentioned, 1 had chondromalacia. 
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Indications. The knee was resected in all cases where it 
was thought that in spite of adequate conservative treatment, 
nearly full movement would not he recovered, since experi- 
ence has shown that in these cases either relapse or a deform- 
ing arthrosis readily occurs. In practice, this means all adult 
patients except those with purely synovial involvement. 

Operative Technique. In most cases the technique consisted 
of arthrotomy through a curved incision below the patella. The 
joint was widely opened, with the knee in acute flexion. After 
haemostasis was obtained, a curved resection of the joint 
surfaces was made with a saw. The raw surfaces were made 
to fit by means of a special curved file. All abnormal tissue 
was removed, and possible foci in the bone ends were curet- 
ted out. The patella was preserved in only 2 cases. A drain 
was only inserted if there was a sinus with mixed infection. 
The wound was closed with 4-5 catgut sutures in the capsule, 
and 7-8 fishgut sutures in the skin. 2 pins were then inserted 
percutaneously through the libial tuberosity and the femoral 
condyles respectively, and fixed to each other by means of 2 
special “stay-screws”, as described by Hans Thomsen. (Ugc- 
skrift f. Laeger, 1941, 1. 17.). Two small pieces of gauze and 
a little non-absorbent wool were used as dressing, and finally 
a plaster cast was applied from the groin to the heel. An as- 
sistant held the limb in the correct vertical position, the plaster 
slab was applied wet and held in position with a few circular 
strips. The patient was returned to bed with the limb raised 
about 60°. 

The position was controlled radiographically immediately 
after the operation. 

In 2 cases the operation was less radical. The inferior 
patellar ligament was preserved, and instead of making a 
curved saw-cut the cartilage was chiselled off. with, in one 
case the intercondylar eminence: the percutaneous pinning 
was also omitted. 

The Anaesthesia. Ether anaesthesia was used in 41 cases, 
spinal analgesia in 4. There were no anaesthetic complications. 

The post-operative course. There was no significant post- 
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operative haemorrhage. At the end of 3 weeks a window was 
cut in the plaster over the wound, and the percutaneous pins 
and the stitches were removed. 1 or 2 months later the plaster 
was split, and the posterior part kept as a plaster back splint. 
The patient was allowed up for half an hour daily when 
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Fig. 3. 

Centimetres shortening of the lower limb after re-section of llic knee 

in 45 patients. 


there was firmness at the resection site, usually after 2Vz-‘S 
months. A week later he was allowed to walk with crutches, 
beginning with 1 hour a day, and after a further month he 
might begin to weightbear. He was discharged without any 
splint, and re-examined 3 months later. 

Complications. There were only few complications. 1 case 
had a peroneal paralysis which recovered in 3 months. I 
complained of slight, constant pain in the knee. He was 
treated with diathermy and novocain injections with some 
improvement. In 1 case amputation was necessary about 2 
years later. She was a woman aged 35 years who still had pain 
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in the knee after operation; later, oedema of the leg developed 
and the skin became cyanotic when the leg was dependent. 
Finally, 2 ulcerations the size of a florin appeared on the 
lower 1/3 of the leg with marked discoloration of the sur- 
rounding- skin. Biopsy showed mild Monckeberg arteriosclero- 
sis. Biopsy of the sciatic nerve showed no abnormality. 

Condition. At operation 31 of the known tuberculous cases 
were active and 3 were inactive. 

Position. Nearly all cases ankylosed in good position, i.e. 
slight flexion and a few degrees valgus. In only 2 cases was 
the position not ideal. One had about 10' and the other 20' 
varus position at the knee. 

Shortening amounted to 0-6 cm, with an average of 2 cm. 
Figure 6 shows the shortening as abscisse and the number of 
patients as ordinate. 

Consolidation occurred after l-SVo months, with an average 
of 2V2-3 months, except for 2 cases who still had no sound 
union at their last examination, 1 at 3 months, and the other 
5 Yz years after operation. These 2 patients had not, however, 
as will be described below, any discomfort from the knee, 
though slight movements were still possible. 

Working capacitg. After discharge patients were not parti- 
cularly incovenienced by the ankylosis. All could, as far as 
the knee was concerned, earn their own livings, except for 
the case already described who had pain treated by novocain 
injections. This patient still thought she couldn’t work 7 
years after the operation (functional). 


Pathological anatomy. 

1) Active tuberculous osleo-arlhrilis: 

Macroscopically. Sinuses in the region of the knee were 
present in only 3 cases. 

Findings at operation. Usually thickening of the capsule, 
erosion of the cartilage, and varying degrees of destruction 
of the menisci or the cruciate ligaments. Frequent panmis 
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Fig. !,. 


formation. The joint cavity was often obliterated by gran- 
ulation tissue or fibrous adhesions. In 15 cases one or 
more caseous tuberculous foci were found on the sawed 
surface. Occasionally, there was abscess formation round 
the capsule. Sequestra formation was seen only in 1 case. 
Histology. The usual histological picture was seen: granulo- 
mata of epilheloid cells, containing giant cells of Langhans’ 
type, and surrounded by lymphocyte infiltration. There 
was also a marked tendency to coagulation necrosis. 

2) Inactive tuberculous oesteoarthritis. The 3 cases in this 
group showed only fibrous adhesions; histologically no- 
thing abnormal was found in 2, and some fibrous degenera- 
tion in 1. 

3) Cases with Uncertain aetiology. Macrocscopically the find- 
ings closely resembled those of the tuberculous osteoarthri- 
tis i.e. varying degrees of granulation, pannus, erosions 
of the cartilage and fibrosus adhesions. But no tuberculous 
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foci and no abscesses were found. In one case the joint 
appeared completely normal. 

On histological examination 5 of the 9 cases showed plas- 
ma cell and lymphocyte infiltration, suggesting a chronic 
inflammation. In 2 cases there was fibrous degeneration, 
and in some places ossification of the cartilage. The re- 
maining 2 cases showed no abnormality. 

Non-tuberculous cases. One was found to he a case of 
chondromalacia. Facing each other on the patellar and 
femoral surfaces were sharply demarcated areas the size 
of a halfpenny where the cartilage was red and velvetlike 
hut not eroded. The consistency was soft and elastic. Hi- 
stology showed both degenerative and reactive changes. 
The. cartilage had been destroyed and replaced by cellular 
and vascular connective-tissue. There were also degenera- 
tive changes in the capsules of the cartilage cells. 

The other case was one of staphylococcal osteoarthritis. 
Macroscopically no abnormality was seen. Histology show- 
ed severe degenerative changes in the cartilage. The cartil- 
age structure showed varying degrees of change, the ground 
substance being fibrillary, the cells small, narrow and 
spindle-shaped. On the surface was a layer of loose finc- 
meshed connective tissue with lymphocyte infiltration. In 
the medulla there was proliferation of a cellular connective 
tissue. No evidence of tuberculosis. 

Bacteriology. In' 27 cases the tissue, pus, etc. from the knee 
joint were examined for tubercle bacilli. Tubercle bacilli 
were found in 17; 13 were of human type, and 3 bovine: 
the type' was not determined in the remaining case. In the 
3 inactive cases TB had been demonstrated previously in 
abscesses from the knee. In only one of these was the type 
determined; it was human. 

3 patients had. as already mentioned, sinuses near the 
knee. Human type TB was found in 2, and in 1 there was 
also a secondary infection with staphylococcus aureus. In 
the third case no bacteriological examination appears to 
have been made. 
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The post-operative radiographic appearances after resec- 
tion are illustrated by the following 2 cases whose clinical 

data are described in brief: 

1) An agricultural worker aged 21 years, who bad had pleural 
empyema 13 years earlier. The R. knee was affected when 
he was aged 11 years. Repeated treatment with plaster and 
light. Was able to work on the land for long periods, hut 
the symptoms recurred at intervals of 1-2 years. The skin 
temperature was 1.1° warmer on the affected side. Very 
reduced movement, and the smallest movement caused 
pain. Obvious muscle atrophy. Slight swelling of the knee. 
The patella fixed. Resection performed by the usual tech- 
nique under ether anaesthesia. Post-operative course un- 
complicated. Miscroscopy showed tubercles. No tubercle 
bacilli seen. After 2 months, sound union in excellent po- 
sition. Shortening U/o cm. Excellent health at follow-up 
examination 7 months later. (See figs. 7, 8, 9). 

2) A labourer aged 44 years, who in addition to the knee 
lesion had a bilateral tuberculous epididymitis, tubercu- 
losis of one seminal visicle, bilateral tuberculous osteo- 
arthritis of the carpus, osteomyelitis of the spine, tuber- 
culous bacilluria and TB of the L. lung. Pain began in 
the knee when he was 38 years old; later, swelling, ten- 
derness and restricted movement. On admission the L. 
knee was found to he diffusely swollen. 

The patella’s movement was reduced to 1/3 normal. The 
knee could he flexed to 110'. The tenderness corresponded 
with the joint line. The skin temperature was, 1.5' higher 
than on the normal side. Resection by the usual technique. 
Uncomplicated post-operative course. Microscopy showed 
tuberculosis. The position at the joint was 20' varus and 
10' flexion. 

At the last follow-up examination o 1 ^ years later there 
was still 5' movement; the position as above. He was 
working on the railways and stood and walked about all 
day, though still using a celluoid splint. (Figs. 10, 11, 12). 
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45 knee resections performed at the Nationalforening’s 
Hospital for Surgical Tuberculosis, JueJsminde are discussed. 


Etiology: 

Tuberculous 34 cases 

Non-tuberculous 2 cases 

Uncertain 9 cases 


26 patients had, or had had other tuberculous lesions. 

Route of Entry could be determined in 53 % of cases. 
It was not, however, systematically searched for from the 
beginning of the series. 

Skin temperature measurements by Ipsen’s method showed 
0-2.8' rise in temperature of the skin of the affected knee; in 
most cases this was less than Y. 

The indications and technique for the operation are de- 
scribed. 

The following results were obtained: 

the position was good in all cases, except 2 which had 
10-20' varus. 

the shortening was from 0-6 cm, with an average of 2 cm. 

consolidation occurred after an average of 2^-3 months. 

the patient’s working capacity was good in all cases, pro- 
vided they had no other disabling disease. 


RESUME 

45 resections du genou, pratiquees a FHopilal de Tubcr- 
culose chirurgicale de r Association Rationale, a Juelsminde. 


Etiologic: 

Tubcrculosc — 34 cas 

non tuberculeux 2 cas 

incertains 9 cas 
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26 des malades avaient presente d’autres manifestations 
tuberculeuses. 

La porte d’enlree a pu etre determinee dans 53 % des 
cas. La question n’a toutefois pas ete systematiquement exami- 
nee depuis le debut. 

Mensuralion de la temperature culanee d’apres Ipsen, a 
montre des variations de temperature de 0 a 2,8 dans la 
plupart des cas 1 degre de difference. 

Indications: tous les cas chez les malades adultes, a l’ex- 
ception des formes synoviales. 

Indications et technique comme indiquees, on a obtenu 
les resultats suivants: 

Position bonne dans tous les cas, excepte dans 2 avec 10 
a 20° varus. 

Raccourcissement d’environ 2 cm en moyenne ( 0 a 6 cm ). 

Fermeic au bout de 2 1 /z a 3 mois en moyenne. 

Capaciie de travail bonne pour tous les malades, a moins 
qu’ils ne souffrent d’autres maladies invalidisantes. 

ZUSAMMEXFASS U N G 

45 Kniegelenksresektionen, ausgefiihrl am Nationalforenin- 
gens Hospital for kir. Tuberculose, Juelsminde. 


Atiologi: 

Tuberkulose 34 Falle 

Nicht Tuberkulose 2 Falle 

Unsichere 9 Falle 


26 Patienten hatten oder batten andre tuberkulose Mani- 
festationen gehabt. 

Die Eingangspforte konnte man in 53 % der Falle be- 
stimmen. Die Frage ist jedoch nicht vom Anbeginn systema- 
tisch untersucht worden. 

Hauttemperaturmessung nach Ipsen zeigte einen Tempe- 
ratur unterschied von 0—2,8°, in den meisten Fallen unter 
1 Grad unterschied. 
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Inclikalionen: Alle Falle von envachsenen Patienlen mil 
Ausnahme der synovialen Formen. 

Entsprechend dcr beschriebenen Indikationen und Tech- 
nick findet man folgende Resultater: 

Die Stellung ist gut in alien Fallen mil Ausnahme von 
zweien, die eine Varus Stellung von 10 — 20° zeigen. Ver- 
kiirzung im Durchschnitt 2 cm (0 — 6 cm). 

Festigkeit nach durcbscbniltlicb 2*4 — 3 Monaten. 

Arbeidsfdhigkeit gut bei alien Patienten, mil Ausnahme 
derer die andre invalidisierende Krankbeiten hatten. 
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MORTON’S DISEASE 
A Clinical and Palho-anatomical Study 
By 

N. RINGERTZ, M.D., and L. U X A XD E R -S C H A R I X, M.L. 

HISTORICAL SURVEY 

By Morton’s disease is meant severe throbbing, burning 
pain and tenderness on the plantar surface of the fool, usually 
over the 3rd and 4th metatarsophalangeal joints, with pain 
radiating along the respective toes. The pain occurs when the 
foot is in use, e.g. when walking, and diminishes when the foot 
is at rest and the shoe is removed. 

In 1876 T. G. Morton, whose name the disease hears, de- 
scribed the condition as “a peculiar and painful affection of 
the 4th metatarsophalangeal articulation”. In Morion’s opinion 
the symptoms were due to compression of branches of the 
external plantar nerve running to the lateral surface of the 
4th toe, between the head of the 5th and the neck of the 4th 
metatarsals. He observed this painful condition in 12 patients, 
of whom 11 were women. In 3 he achieved complete freedom 
from pain by resecting the 4th metatarsophalangeal joint. 

Tubby (1S96), and Tubby and Jones (1898) described the 
disease very carefully. They classified it into three grades 
according to the severity of the symptoms. The most severe 
grade was treated by resection of the metatarsal head. In two 
of their operated cases the nerve was inspected, and showed 

1 Read at the NordisI; Orlopedisk Forening's meeting in Helsingfors. 
June 1949. 


21 Acta ortliopacdlcn. vol. XXX. 3 
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“a well marked state of neuritis”. They believed that the dis- 
ease was due to pressure on a communicating nerve running 
between the branches of the lateral and medial plantar nerves, 
which run under the head of the 4th metatarsal. They also 
believed that the heads of the 1st and 4th metatarsals are 
subject to considerable pressure when the foot is in use. 

Excision of the metatarsal head has also been recommended 
by other authors. 

Morton's disease has been regarded by many as a condition 
caused by an abnormal strain on the anterior arch; they have 
cured the pain by non-surgical reconstruction (arch supports 
and orthopedic footwear). ( Pollosson (1889), Woodruff (1890), 
Bradford (1891), Guthrie (1892), Gibneij (1894), Bose (1894), 
Goldthwait (1894), Lamacq (1896), Holxman (194S) and 
others). 

At one time it was supposed to be caused by inflammatory 
changes in the metatarsophalangeal joint, bursae or ligaments. 
( Frank (1904), Hertzler (1926), D. J. Morton (1935) and 
others) . 

In 1893, Iioadlij gave a detailed account of 6 cases of me- 
tatarsalgia. In one of these, which had not responded to con- 
servative treatment, he exposed the digital branches of the 
lateral plantar nerve of the 4th toe and found a small neuroma. 
He resected the nerve. A promt and complete cure was obtained. 

Hoadhfs observations do not seem to have aroused great 
interest amongst his contemporaries, however, for it was not 
until 40 years later, in 1935, that resection of the nerve was 
again advised as a treatment for Morton’s disease. Sir Harold 
Stiles,- the English surgeon, was operated on for long-standing 
metatarsalgia. The nerve between the 3rd and 4th toes was 
resected. 

After Betts s investigation (1940), resection of the nerve 
became the generally accepted procedure. He was the first to 
make a histological examination of the resected nerves; he 
examined nerves from 10 cases. Betts interprets the disease 
in the following way. “The fourth nerve is formed by the inter- 
nal plantar, with a communicating branch from the external 
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plantar, each coming round from opposite sides of the belly 
of the flexor brevis and crossing obliquely before they unite. 
Two to three centimetres distally the nerve divides, to pass 
to the adjacent sides of the 3rd and 4th toes. The nerve lies 
immediately on the transverse ligament, which is a very 
firm structure”. When the foot is in action, the flexor brevis 
contracts and the nerve is stretched. The thickening of the 
nerve is due to chronic irritation. Histologically, Beils found 
“a great increase in the fibrous tissue elements of the nerve”. 

In 1943, McElvenmj made a histological examination of 
five of twelve resected nerve specimens and said that “they 
appeared to be either neurofibromata or angio-neurofibro- 
mata”. 

Baker and Kuhn (1944) aholised the pain in 14 cases by 
resection of the nerve. The histological picture was said to 
resemble that of an amputation neuroma. 

King (1946) made a histological examination in five cases. 
He suggested the term “sclerosing neuroma” and drew an 
analogy with keloid. He attributed the condition to chronic 
trauma. 

Bickel and Dockerty (1947) operated on IS cases, and gave 
a detailed patho-anatomical report. They found oedema, fi- 
brosis, demyelination and cyst formation in the nerves, and 
endarteritis in the vessels. Further they found a correlation 
between the length of the history and the severity of the chan- 
ges. They say, “There is considerable evidence that trauma 
from weight-bearing in small or otherwise ill-fitting shoes is 
responsible for the pathogenesis of the lesion”. 

Nissen (194S) examined 27 cases. He rejected chronic 
trauma of the interdigital nerve as the cause. He believed 
that “the primary lesion is one of local vascular degeneration 
leading to a variety of changes in and around the cutaneous 
nerve. An ischaemic lesion”. 


21 * 
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THE AUTHORS’ MATERIAL 
A. Clinical Data. 

The material comprised 17 patients, 13 women and 4 men. 
In 10 the condition was unilateral, and in 1, which in this 
series has been counted as two cases, bilateral, thus giving 
18 cases in all. In all cases the interdigital nerve was resected 
and examined patho-anatomically. 

The patient’s age at the time of operation is shown in tables 
1 and 2: 12 patients, i.e. two-thirds of the material, were aged 
between 30 and 42 years. The remaining 6 cases were between 
42 and 58 years. The youngest patient was aged 30 years. 


TABLE 1 

Cases of Morion’s Disease. 


Sex 

Age 

Past history 

Fibrosis 

| | 

Endarteritis 

i 

F 

34 

36 months 

0 

0 

F 

34 

24 

(+) 


F 

58 

CO 

+ 


F 

52 

456 

+ 


M 

54 

12 

4- 


F 

52 

" 

4- 

+ + 4- 

M 

40 

84 

4- 


F 

36 

12 

4- 

(4-) 

F 

57 

60 

+ + 

4 4-4- 

F 

42 

120 

4* T~ 


F 

37 

36 „ 

4 + 

4-4-4- 

F 

36 

4 „ 

+ + 

4-4-4- 

F 

31 

GO 

4-4- 

4* + 

F 

46 

36 

+ + + 

4- 

M 

36 

3 „ 

4-4-4- 

4-4-4- 

M 

36 

120 „ 

4-4- + 

4-4-4- 

F 

30 

12 „ 

+ + + 

4-4-4- 

F 

42 

96 

4* + 4~ + 



Length of history (see table 1). Only 3 patients had had 
symptoms for less than 1 year. 8 patients had had symptoms 
from 1 to 4 years; 6 for over 5 years. The longest history was 
found in a patient aged 58 years, who had had symptoms for 
38 years. 
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Occupation. 10 of the female patients were housewives, 
1 was a laundress and 2 did no work at all. 2 of the men were 
factory hands, 1 was in the fire brigade and 1 was a teacher. 

1 patient attributed the condition to a distortion of the 
foot, which had been treated for two months in plaster-of- 
paris, and 1 to a fracture of the 5th metatarsal which had 
also been treated for two months in plaster-of-paris. In both 
cases the symptoms developed as soon as the plaster-of-paris 
was removed. 2 patients attributed the condition to advanced 
pregnancy. 

Symptoms. 14 patients complained of aching and burning 
pain between the 3rd and 4th toes: 2 of similar pain between 
the 2nd and 3rd toes: and 2 of pain between the 4lh and 5th 
toes. The pain always radiated to the adjacent toes, and. in 
two cases also up the leg. Several patients complained of 
numbness and a feeling of cramp in the affected toes. Usually 
the patients described the sensation as like stepping onto 
something sharp. The pain always began when the fool came 
into action and increased in intensity the more the patient 
walked. Intcrmittence of the pain was also reported. Many 
patients were at times unable to go out of doors. The pain dis- 
appeared almost instantaneously if the shoes were removed 
and the foot placed at rest. Walking either barefoot or in 
slippers was less painful than walking in hard shoes. The 
complaint was constant and severe, and the patients were 
seriously inconvenienced. 

Objective findings. In two-thirds of the cases the shape of 
the foot was normal, whereas in the other third the anterior 
arch was moderately depressed but not contracted. In one 
case, where the anterior arch was of a transverso-plane type, 
there was a subluxation at the 4lh metatarsophalangeal joint. 
The skin appeared normal and there were no external sign of 
circulatory disturbance. The patients stated that they often 
had severe tenderness in the aching interspace, that it was 
recurrent and was accompanied hv radiating pains or numb- 
ness in the adjacent toes: there seemed to he tenderness in the 
region of the neighbouring metatarsophalangeal articulation. 
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though it is difficult to demarcate this tenderness very di- 
stinctly. In one case there was slight swelling on the dorsal 
aspect of the affected interspace. Sensory tests were made in 
some cases, but they revealed nothing abnormal. 

Previous treatment. Usually the patients expect relief 
from an arch support; they visit shops specialising in such 
appliances and buy arch supports of various types. When 
these have proved ineffective they seek medical advice. Cases, 
in our series, in whom the correct diagnosis had not been made, 
had been classified as e.g. Buerger’s disease, polyarthritis, 
sciatica, arthrosis of the metatarsophalangeal articulation, etc., 
and treated in accordance with these diagnoses. 

Treatment. After conservative treatment, which in no case 
had any effect, had been tried, the interdigital nerve at the site 
of the pain was resected. In 14 cases this was the 3rd, in 2 the 
2nd, and in 2 the 4th interdigital nerve. A longitudinal incision 
was made on the plantar aspect of the foot corresponding to 
the anterior arch. From 1-2 cm. of the nerve corresponding 
to the bifurcation was resected. Macroscopically the nerves 
appeared to he thickened to the size of a slate pencil, or in 
some cases to the size of a pea, whilst in others there was no 
appreciable thickening. 

Follow-up examinations were made in all cases. The period 
of observation varied from 3 months to 4 years, most were 
examined between 1 and 2 years after operation. 


The results were as follows: 

Subjectively completely cured 14 (77.S %) 

Subjectively improved 3 (16.7%) 

Subjectively unchanged 1 ( 5.5 % ) 


The recalcitrant case was the one already mentioned (see 
page 4), with a painful luxation in the metatarsophalangeal 
joint of the 4th toe, in addition to the Morton’s disease. In this 
case, however, the radiating pain in the toes disappeared after 
the operation, and the character of the remaining symptoms 
indicated that they were due to the untreated luxation. 

At the follow-up examination, the site of operation and the 
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whole front part of the foot were carefully inspected and 
palpated, and a sensory test was made on the toes. Previous 
authors have been afraid that the operation scar on the sole 
of the foot might inconvenience the patient. Our experience 
in this material shows, however, that in the majority of the 
cases the scar was barely noticeable or palpable. In one half 
of the material, consisting of those observed for the longest 
time, no definite sensory disturbance could he detected, wher- 
eas in the other half there was sensory impairment, which 
the patients had usually not noticed. No swelling suggesting 
an amputation neuroma was observed. 

When diagnosing Morton’s disease, it is necessary to ex- 
clude cases with the usual types of anterior arch trouble. In 
these cases the complaints are located more diffusely in the 
whole of the anterior arch; there is no radiating pain in the 
toes; and the pain often persists after the fool has been put 
to rest. We have called this pain metatarsalgia. Cases with 
metatarsalgia usually have a contracted, depressed, anterior 
arch with tender corns under the medial metatarsal heads. 

The favourable results of resection of the nerve in Morton’s 
disease encouraged us to try the operation in cases of meta- 
tarsalgia which had proved difficult to treat. The nerve was 
resected in 5 cases of inetalarsalgia: all were followed up. 
and the result was unsatisfactory in all. 

In order to show the relative frequency of these cases of 
metatarsalgia and of cases of Morton’s disease, the number of 
cases registered at the Orthopedic Clinic of the Karolinska 
Instilulet during the years 1945 — 47 under the diagnosis “pes 
transversoplanus” and Morton’s disease are shown: 


Pes transversoplanus 740 cases 

Morion’s disease 32 cases 


Cases of transversoplanus were more than twenty times 
as frequent as cases of Morton's disease. During this period 
8 of the 32 cases of Morton’s disease were operated on. G of 
them were examined patho-anatomically and are included in 
this material. 
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B. Patho-anatomical examination. . 

The patho-anatomical changes in the nerves excised from 
our 18 cases of Morton’s disease can be divided into four 
main groups (1) fibrosis, (2) endoneural oedema, (3) demy- 
elination of the nerve and (4) vascular changes. 

(1) Fibrosis. This is very variable in degree. In some cases 
there was macroscopic swelling of the nerve, limited to the part 
lying between the capsules of the metatarsophalangeal articu- 
lations. In some cases the swelling was as large as a pea or 
bean, and in these the hypertrophied nerve was more or less 
adherent to the adjacent structures. In other cases the nerve 
was not appreciably swollen. Microscopically the fibrosis was 
found to be perineural. In the mild cases there was merely 
slight thickening and condensation of the perineural capsule, 
and the nerve bundles were only slightly separated; the nerve 
was separated from the neighbouring arteries, synovial sheaths 
and joint capsules by loose interstitial tissue or adipose tissue. 
In cases where the fibrosis was more marked, the nerve bundles 
were separated by a compact mass of connective tissue, which 
also bound the nerve to the surrounding structures and em- 
bedded the larger trunks of the interdigital arteries. In some 
cases the connective tissue mass enclosed small bursal cavi- 
ties, probably derived from the neighbouring synovial sheaths. 

Endoneural fibrosis was seen, but was not particularly 
marked. No proliferation of Schwann’s cells, nor infiltration 
with inflammatory cells, either endoneural or perineural, was 
seen in any of the cases. 

In order to he able to demonstrate the variable degree of 
fibrosis, we have graded the changes +,+-}- and + + +, as 
in figure 1 a. These degrees of fibrosis were found in all but 
one case, in which the nerve was converted into a bean-sized 
fibrous nodule (figure lb). 

(2) Endoneural oedema. In a number of cases there was 
oedema within the nerve bundles segregating the nerve fibres 
(fig. 2). This varies considerably in degree, both from case to 
case and in the different bundles of the same nerve. We have 
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Fig. la. 

Varying degree of perineural fibrosis. Cross sections of interdigital 
neurovascular trunks (Smith-Quinley stain). Myelinated nerve bundles 
and most of the vessels stain rather deeply black, connective tissue a 
paler shade. Upper left picture shows a specimen in apparently normal 
condition, nerve (n) free from the interdigital artery (a). The other 
pictures show fibrosis designated -f to The nerves are fused 

on to the vessels by connective tissue, which also separates the nerve 
bundles (Magnified about 12 X). 
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Fig. lb. 

The greatest degree of fibrosis found in the present series. Longitudinal 
section of one-half of a bean-sized nodule, with the nerve entering on 
the left. The nerve bundles are partly demyelinated and widely separated 
by dense connective tissue. This degree of fibrosis is designated + + + + 
(Smith-Quinlev myelin stain, same magnification as figure la). 
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Fig. 2. 

Endoneural oedema Oblique longitudinal section of nerve bundle wilh 
moderate ucrineural fibrosis. (Mallory stain). 


not encountered any oedema in the perineural connective 
tissue. 

(3) Dernyclination. We have demonstrated this phenome- 
non by Smilh-Quinley staining of paraffin-embedded sections. 
It appeared as a more or less marked loss of staining of the 
myelin sheaths. Unfortunately the material did not permit 
an exhaustive examination with frozen sections and fat stains. 
No signs of early myelin decomposition were found. Demyc- 
lination varies considerably from case to case and within 
bundles of the same nerve. There was a certain degree of 
parallelism between the intrancurai oedema and dcmyclina- 
tion, but it was not constant. No parallelism was found be- 
tween the degree of fihrosis and the dernyclination. 

(4) Arterial changes. These were found mainly in the 
larger arteries, the interdigilal trunks and their larger bran- 
ches down to a diameter of about 75 g: they consisted in pro- 
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Various degrees of endarteritis. Upper left picture shows slight change, 
designated + , it consists mainly in hyperplasia of the internal elastic 
membrane. The upper right picture shows more advanced changes with 
an intimal cushion rich in elastic tissue ( + + ). The two lower pictures 
show severe endarteritis ( + + + ), the right one with an obstructive 
connective-tissue plug and small recanalisation lumina. 

(Elastin-v. Gieson stain). 
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Iteration of the subintimal layer and its elastic structures. 
If the change was slight, there was a hyperplasia of the tunica 
elastica with multiplicity of its lamellae; if more advanced, 
there was formation of connective-tissue cushions, very rich 
in elastic tissue, so that the lumen became irregularly constrict- 
ed and split-shaped. In some cases the remaining lumen was 
filled with a fibrous mass less rich in elastic tissue; in this 
mass were endothelium-covered Iuinina resembling recanali- 
zation luinina in thromboses. Recent thromboses were, however, 
never seen. The arterial changes varied in different sections of 
the same specimen. The smaller arteries, especially the intra- 
neural, were usually unchanged, and an insignificant change 
was found in the subintimal layer of such vessels in only a few 
cases. Neither intimal changes of an atheromatous type nor 
any calcification were found in the material. No changes were 
found in the media. In the cases with marked perineural fibro- 
sis, where the arteries were embedded in the connective tissue, 
the tunica adventitia was condensed; otherwise its appearance 
was normal. Inflammatory infiltration of the artery was never 
encountered. Figure 3 shows the different grades of arterial 
change, + , + + and + + + . 

The veins showed in many cases mild changes consisting 
of superficial intimal cushions rich in elastic fibres. 

All these changes varied considerably. In many cases there 
was no visible fibrosis, and in others it was only slight. 
In about one half of the cases, however, it was well marked 
and even in some cases severe. It is difficult to estimate the 
frequency of arterial changes because, as we have pointed 
out, the changes can usually only he found in the larger 
arteries, and, unfortunately, these have been seen in the 
biopsy specimens of only 11 out of 18 cases. In most of them 
however, the larger arteries did show changes. 

Bickcl and Dockcrty state that the degree of pathological 
change is proportional to the length of the history. This, 
however, was not true of our material. Table 1 shows the cases 
arranged in order of the severity of the fibrosis. It will be seen 
that there arc cases with a very long history and only a slight 
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fibrosis, and vice versa. On the other hand there is some 
parallelism between the arterial changes and severe fibrosis. 

In order to ascertain how far these observed changes are 
characteristic for subjects with the clinical picture of Morton’s 
disease, we examined the interdigital nerves and arteries in a 
series of post-mortem cases of more or less the same age as 
these cases of Morton’s disease. The bodies were those of healty 
subjects who had died suddenly from various causes (material 
from the Department of Forensic Medicine), and of hospital 
patients who had died from various diseases, e.g. tuberculosis 
in quite a number of cases, surgical conditions, blood diseases, 
acute infections, etc. Cases of arterio-sclerosis or other cardio- 
vascular disorders were excluded. As far as it was possible 
to ascertain from the hospital records and other information, 
none of them had ever had any foot disease of the Morton 
type. In each case the interdigital nerves, together with the 
surrounding connective tissue and arteries, especially from the 
parts where the nerves pass between the metatarsophalangeal 
articulations, were dissected out of the left foot. Three or 
four arterial nerve trunks were examined in each case, and 
the examination always included the trunk between the 3rd 
and 4th toe. At microscopy, special attention was paid to the 
four changes mentioned above, i.e. fibrosis, endarteritis, endo- 
neural oedema and demyelination. Fibrosis and endarteritis 
were graded as for Morton’s disease. Table 2 shows 18 Morton’s 
and 22 control cases, arranged according to age. The control 
cases were classed with the severest grade of change found 
in any of the excised neurovascular trunks. The trunks most 
affected were usually those between the 2nd and 3rd and the 
3rd and 4th toes. 

Table 2 shows a high incidence of both fibrosis and end- 
arteritis in the control material. Admittedly, the fibrosis was 
never so marked as in the few Morton cases with the most 
marked changes, but nevertheless it is comparable with that 
seen in most of the cases. The arterial changes were equally 
marked, both as regards type and degree of severity in the 
control material, and in individual cases they were even more 
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severe than in any of the Morton’s cases. In the control material 
the endarteritis was more constant in cases aged over 40 years, 
although it occurred also in one or two below 40. The endo- 
neural oedema and the demyelination were much less frequent 
in the control material, occurring only occasionally. In table 3 
the frequency of the different phenomena in the controls and 
in Morton’s cases are compared. It will be seen that the fre- 
quency of arterial changes was so similar that the difference 
is negligible. There was also a similarity in the frequency of 
fibrosis but, as we have pointed out, in some cases of Morton’s 
disease the fibrosis was much more severe than in the control 
material. Intraneural oedema and demyelination, however, 
were definitely more common with Morton’s disease cases 
than in the control material, and even the degree of these 
changes (not shown in Table 2) was more marked with 
Morton’s disease. 

TABLE 3 



Cases of Morion's Disease 

Controls 

Fibrosis + + 

10/18 = 55.5 % 

11/21 = 52.4 % 

Endarteritis !> + + 

8/11=72.7 % 

13/21 = 61.9% 

Oedema 

11/18 = 61.1 % 

5/21 = 23.8 % 

Demyelination .... 

15/18 = 83.3 % 

4/21 = 19.0 % 


TABLE 4 



Metatarsalgia. 



n 

Age 

Fibrosis 

Oedema 

1 

Demvclm- j 
ation 

! 

1 

Endarteritis 

F 

46 

+ 

0 

0 

+ 

F 

41 

+ 

0 

0 

+ + + 

F 

36 

+ 

+ 

0 

+ + + 

F 

33 

+ 

0 

0 

+ + 

F 

18 

0 

0 

0 

0 


As supplement to these control examinations, excised di- 
gital nerves taken from five patients suffering from metatars- 
algia (see page 7.), were examined. Table 4 shows the 
changes present in this small material. It will be noticed that 
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in these cases there ...Iso considerable arterial chang. • 
but fibrosis and the other phenomena were practically absent 


DISCUSSION 

In the literature there have been two schools of thought on 
the pathogenesis of Morton’s disease. One, to which, among 
others, Morton, Tubby and Jones , Bickel and Dockcriy . 
Betts and McEluenny belong, believes that the condition is 
caused by chronic trauma to the interdigital nerve, brought 
about by pressure or crushing. The other, led by Xissen be- 
lieves that it is primarily an endarteritis in the inferdigita! 
artery which leads secondarily to ischemic changes in the 
nerve. 

Our patho-anatomical examinations have shown that chron- 
ic endarteritis is a frequent phenomenon in Morion’s disease. 
At the same time, examination of a control material showed 
that endarteritis of this tjqie occurs with approximately the 
same frequency and the same degree of severity in persons 
who have no disease of the feet. It is quite possible that end- 
arteritis in the interdigital arteries causes fibrosis of the 
nerves, but this process seems to be so common in this region 
of the body that one asks oneself whether, after a certain age. 
it is not physiological. In most cases it does not give i ise to 
any painful symptoms. Further, there is no evident relation 
in our material between these phenomena and the duration 
and severity of the symptoms. One must, therefore, presume 
that the pain in the Morton’s cases is caused by one or more 
additional factors — these factors being either quite independent 
of the endarteritis-fibrosis complex or in direct conjunction 
with it. The fact that Morton’s symptoms subside after excision 
of the nerve does not necessarily mean that the cause of the 
pain is a change in the nerve itself. It could mean merely that 
excision of the pain track abolishes the symptoms. It is 
interesting to find, however, that the most usual age for 
the onset of Morton’s disease coincides with the time when, to 
judge from the control material, intcrdigilal arteritis also 


22 Acta orthopnedicn. vol. XIX, 3 
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begins to be common. It is also worth while pointing out that 
intraneural oedema and demyelination seem to be more com- 
mon in the Morton’s cases than in the control cases. This might 
indicate that the pain is in some way connected with some 
specially accentuated disturbance of the circulation or meta- 
bolism of tbe nerves in these cases. 

Apart from the problem which particularly interests us 
in this investigation, viz. the pathology of Morton’s disease, 
we find the frequent occurrence of endarteritis in this region 
of the body of very great interest. Our small material is, of 
course, only sufficient to indicate the approximate frequency 
of the phenomenon and the general type of the changes. It may 
be said that the changes have certain characteristics in common 
with Burger’s endarteritis obliterans, but rapid thrombosis 
and inflammatory infiltration, which are both part of the 
classical Burger picture, are not seen. A ready suggestion is 
that the arterial changes in question are closely allied to the 
strain placed upon the foot. In order to gain support for this 
theory, it would be necessary to carry out a more comprehen- 
sive investigation on autopsy material, with a view to estimat- 
ing still more closely the frequency of the changes at various 
ages and their sites, and to comparing the findings with those 
in the interdigital neurovascular trunks of the hand, etc. 


SUMMAR Y 

The clinical picture, treatment, results of treatment and the 
patho-anatomy in 18 cases of Morton’s disease are surveyed. 
Morton’s disease has a typical clinical picture distinct from 
other painful conditions in the anterior part of the foot. It is 
characterised by: pain when the foot is in use, tenderness, 
usually felt between the metatarsophalangeal articulations 
of the 3rd and 4th toes, and radiating pain, often with cramp 
and numbmess, in the adjacent toes. The pain disappears 
immediately the foot is placed at rest. Resection of the inter- 
digital nerve gives complete freedom from pain and does not 
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seem to cause any complications in the form of amputation 
neuromata or cicatricial tissue. 

The patho-anatomical examination showed that four main 
changes are found in the nerve: perineural fibrosis, endarte- 
ritis in the interdigital arteries, endoneural oedema and demye- 
lination of the nerves. 

Examination of the interdigital neurovascular trunks in 
the feet of a control material of autopsy cases, who had not 
had any symptoms of Morton’s disease, showed that perineural 
fibrosis and endarteritis occurred with the same frequency 
as in the Morton’s cases, hut that intraneural oedema and 
demyelination were considerably less frequent in the control 
material. Fibrosis was not so marked in the control material 
as in some of the cases of Morton’s disease. There was, how- 
ever, no parallelism between the degree of fibrosis and either 
the duration or the severity of the Morton’s symptoms. 

The theory expounded by Nissen, that Morton’s disease 
depends on a promary endarteritis and a secondary fibrosis 
as a consequence of circulatory disturbances, cannot he said 
to give a full explanation. Our control examinations showed 
that after the age of 40 years the endarteritis-fibrosis complex 
is so common in the interdigital neurovascular trunks of the 
foot, that one wonders whether it may not after all he physio- 
logical (weight bearing?) ; Morton’s disease on the other hand 
is comparatively rare. Some special factors, so far unknown, 
and possibly connected with endarteritis or fibrosis, must he 
presumed for the appearance of the pain complex. It is possible 
that the high incidence of intraneural oedema and demyelina- 
tion characteristic of the Morton cases may provide a clue for 
further investigations into the true pathogenesis of the disease. 

RESUME 

Description du tableau clinique, du traitement, des resultats 
therapeutiques et de l’anatomie pathologique de IS cas de la 
maladie de Morton. 

La maladie de Morton a un tableau clinique typiquc, di- 
stinct de toute autre affection de la partie anterieure du pied. 


22 * 
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II se caracterise par les symptomes suivants: douleur a la 
marche, sensibilite doloreuse generalement ressentie entre les 
articulations metatarso-phalangiennes des 3eme et 4eme orteils, 
et douleur irradiante souvent accompagnee de crampes et d’en- 
gourdissement dans les orteils adjacents. La douleur disparait 
des que le pied est mis au repos. La resection du nerf inter- 
digital supprime immediatement toute douleur et ne semble 
par donner lieu a des complications sous forme de nevrome 
d’amputation ni d’hyperplasie fibreuse. 

L’examen anatomo-pathologique decela quatre modifica- 
principales du nerf : fibrose perineurale, endarterite des arteres 
interdigitaux, oedeme endoneural et demyelinisation des nerfs. 

L’examen des nerfs et vaisseaux interdigitaux du pied sur 
un materiel de controle constitue par des cas d’autopsie de 
sujets n’ayant presente aucun des symptomes de la maladie 
de Morton prouva que 1’on rencontre la fibrose perineurale et 
l’endarterite aussi frequemment que dans les cas de la maladie 
de Morton. Par contre, les cas d’oedeme intraneural et de de- 
myelinisation sont beaucoup moins frequents dans le mate- 
riel de controle. La fibrose n’est pas aussi marquee dans le 
materiel de controle que dans certains des cas de la maladie 
de Morton. II n’y a cependant aucun parallelisme entre le 
degre de la fibrose, la duree ou la gravite des symptomes de la 
maladie de Morton. 

La theorie exposee par Nissen, suivant laquelle la maladie 
de Morton est due a une endarterite primaire et a une fibrose 
secondaire, consequences de troubles circulatoires, ne paraif 
pas donner une explication entierement satisfaisante. Nos 
examens de controle montrent qu’au-dela de 40 ans le complexe 
endarterite-fibrose est si commun dans les nerfs et vaisseaux 
interdigitaux qu’on se demande si, apres tout, ce n’est pas un 
phenomene physiologique ( poids a porter ). La maladie de 
Morton est par ailleurs relativement rare. Un ou plusieurs 
facteurs particulars, inconnus jusqu’a present, se rattachant 
a l’endarterite ou a la fibrose, suscitent peut-etre le complexe 
douloureux. II est possible que la forte incidence de l’oedeme 
intraneural et de la demyelinisation qui caracterisent les 
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cas de la maladie de Morton puissent guider Ies recherches 
tendant a etablir la veritable pathogenese de la maladie. 

ZUSAMMENFASSUNG 

Das Iclinische Bild, die Behandlung, die Behandlungsresul- 
tate und die pathologische Anatomie in 18 Fallen von Mortons 
Krankheit werden zusammengestellt und besprochen. Mortons 
Krankheit zeigt ein typisches klinisches Krankheitsbild, das 
sich von anderen schmerzhaften Zustanden im Vorfusse deut- 
lich unterscheidet. Es ist charakterisiert durch Schmerzen, die 
beim Gebrauche des Fusses auftreten, und durch Schmerzhaf- 
tigkeit, die gewohnlich zwischen den Metatarsophalangeal-Ge- 
lenken der 3. und 4. Zehen gefiihlt wird, ferner durch aus- 
strahlende Schmerzen, oft verbunden mit Krampfen und 
Parasthesien, in den erwahnten Zehen. Der Schmerz ver- 
schwindet, sobald der Fuss ruhig gehalten wird. Resektion 
des Interdigitalnerven fiihrt zur vollstandigen Befreiung vom 
Schmerz und scheint keinerlei Komplikationen in Form von 
Aniputationsneuromen oder Narbengewebe hervorzurufen. 

Die pathologisch anatomische Untersuchung erwies, dass 
hauptsachlich viererlei Veranderungen am Nerven vorgefunden 
werden: Perineurale Fibrose, Endarteriitis der Interdigital- 
arterien, endoneurales odem und Markscheidenverlust des 
Nerven. 

Untersuchungen des interdigitalen neurovaskularenBiindels 
an den Fiissen eines KontroIImaterials von Autopsiefallen, 
die keinerlei Symptome von Mortons Krankheit hatten, zeigten, 
dass perineurale Fibrose und Endarteriitis ebenso oft zu be- 
obachten waren, als in Fallen von Mortonscher Krankheit, 
dass aber das intraneurale odem und der Markscheidenverlust 
bedeutend seltener im Kontrolimaterial zu sehen waren. Fi- 
brose war nicht so ausgepragt im Kontrolimaterial wie in eini- 
gen Fallen vor Mortons Krankheit. Man konnte jedoch keinen 
Parallelismus zwischen dem Grade der Fibrose und der Dauer 
und Schwere der Krankheitssymptome feststellen. 

Nissens Theorie, dass Mortons Krankheit von einer pri- 
maren Endarteriitis ausgelit, die eine sekundare Fibrose auf 
Grund der Zirkulationsstorungen zur Folge hat, kann nicht 



348 


N. RINGERTZ and UNANDER-SCHARIN 


als eine voll zureichende Erklarung angesehen werden. Unsere 
Kontrolluntersuchungen zeigten, dass sich nach dem vier- 
zigsten Lebensjahre der Endarteriitis-Fibrose Komplex in den 
interdigitalen neurovaslcularen Biindeln so allgemein nach- 
weisen lasst, dass man sicli fragt, ob es sich hier nicht urn 
physiologische Veranderungen (Belastung?) handelt. Mortons 
Krankheit ist immerhin eine seltene Erscheinung. Irgendein 
besonderer Faktor, vorlaufig unbekannt und moglicherweise 
mit der Endarteriitis und Fibrose verbunden, muss als Ur- 
saclie fiir das Entstehen der Schmerzen angenommen werden. 
Moglicherweise kann das liaufige Vorkommen von intraneura- 
lem (idem und Markscheidenverlust, so charakteristisch fur 
Mortons Krankheit, einen Hinweis fiir die weitere Untersuch- 
ung der wirldichen Pathogenese der Erkrankung geben. 
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ON INJURIES TO 

THE ACROMIO-CLAVICULAR JOINT 
Treatment and Results. 

BY 

ERIK MILLBOURN, M.D. 

There are several important works on injuries to the 
acromio-clavicular joint. Outstanding are those by Usaclel 
(1941), describing 105 cases from the Heidelberg Clinic, and 
Urist (1946), giving accounts of 41 cases, from an American 
military hospital stationed partly in Germany and partly in 
England, which were personally treated by him. Usadel points 
out that these injuries increased in frequency after the 1914-18 
war, in relation to the higher speed of traffic. Urist finds that 
they were common during the world war 1939-45, for various 
reasons. Lord and Coutts describe them as a typical injury 
at the American parachutist school. 

During the years 1937-46, 57 cases sufficiently severe to 
need radiography have been treated either as out-patients or 
in-patients at Lund Surgical Clinic. There was a fairly even 
distribution of 7-10 cases a year, with the exception of the 
years 1941-42 and 1944-45, when there were only 2-3 cases a 
year. The reason for this was probably the conservative use 
of radiography as a result of lack of film due to the crisis 
conditions. The injuries occur far more frequently in men than 
in women. Of our 58 cases 1 53 were men and 5 women. The 
average age of the men was 37 years, and of the women 36 
years. The youngest patient, a woman, was aged 17 years, and 
the eldest, a man, 72 years, at the time of injury (Table I). 

1 57 cases from Lund and one case operated on at Varberg Hospital 
1945. 
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TABLE I 

5S cases of acute injury to the acromio-clavicnlar joint, 
verified radiographically at the time of injury (53 cf, 5 0). 


1 

No. 

of 

Cases 

1 

| 

Various ! 

Conservative 
Treatments 

Various 

Surgical 

Treatments 

i 

1 

i ! 

No. of Cases 
Followed-up 

i 

No. of Cases 
Re-examined 
by the Author 
and 

Radiographed 

Subluxation . 

45 

44 

1 

40 

10 

Luxation .... 

33 

G 

7 

12 

7 

Total 

58 

. 50 

8 

52 

17 


Injuries to the acromio-elavicular joint may be divided 
into 1) mild injuries: distraction and subluxation, and 2) 
severe injuries — luxation — where dislocation is complete. The 
diagnosis is usually easy. The traumatic nature of the milder 
cases can be verified a few days after injury by the typical 
discoloration of the skin, due to gravitation haemorrhage into 
the delto-pectoral triangle area (frequent personal observa- 
tions). Radiographic examination will give exact information 
on the degree of dislocation, providing that the exposure is by 
direct radiation, which can be most easily achieved fluorosco- 
pically (with the arm hanging, to obtain the maximal degree 
of dislocation). A routine antero-posterior exposure will only 
show the condition in some cases. 

The literature shows that the methods of treatment of 
acromio-clavicular joint injuries are many and varied. Thus, 
Urist states that there are 35 conservative, and at least 28 
operative methods recommended, and notes that very few 
final results are available. Here in Sweden the usual view 
would seem to be — with good reason — that mild injuries 
should be treated conservatively, by the simplest method 
possible, and usually without any attempt at reduction (ad- 
hesive strapping and a firm pressure pad over the lateral 
end of the clavicle gives relief in the author’s experience). 
The essential point is that immobilisation of the shoulder 
joint should be avoided, and from the beginning the patient 
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Fig. i. 

Abduction cushion used 
for injuries to the 
shoulder. (Picture from 
Mob erg.) 



Fig. 2. 

Conservatively treated subluxation. At 
follow-up examination 4 years after the 
injury, there is visible subluxation of the 
acromio-clavicular joint. 


should receive passive movements of the shoulder joint, and 
preferably active exercises, if the pain is not too great: that 
is, maximal passive movements in all planes should be ob- 
tained once or twice daily. If in these cases the shoulder 
joint is immobilised for any length of time by strapping, 
there may be unnecessarily severe after-effects, especially if 
the patient is elderly, or if the shoulder joint has also suffered 
a slight undiagnosed injury. A sling acts as an unspoken 
reminder to the patient to keep his shoulder joint absolutely 
still, and should be avoided if possible. An abduction cushion 
— which for a long time has been called a Frising abduction 
cushion at Lund (fig. 1 ) — worn day and night is useful, 
especially when the shoulder joint is also slightly injured. 
If the patient is instructed to put the cushion and arm up on 
a table or on the back of a chair when he sits down, a use- 
fully greater degree of abduction is achieved at intervals. 
Unnecessary surgical interference in these mild cases, such as 
nailing or wiring, may sometimes increase the length of time 
for which the patient is disabled, and may lead to permanent 
disability. 
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45 of the 58 cases in this material may be described as 
mild. In all cases the subluxation was seen on the radiographs. 
In 35 cases, upward dislocation of the lateral end of the 
clavicle was found, and 10 of these 35 showed in addition an 
abnormal degree of separation between the joint surfaces. 
In the remaining 10 cases there was only an abnormal degree 
of separation between the joint surfaces. 



Fig. 3. 

Man, 29 years, subluxated position immediately after operation. 


Treatment was conservative in 44 cases , and surgical in 
7 case. 

Conservative treatment varied greatly, probably only partly 
according to the gravity of the case. A sling was used in 10 
cases, adhesive strapping and a pressure pad in 8, an abduc- 
tion cushion in 8, firm bandaging in 5, a Bolder brace in 3, 
and bandaging with cotton wool in 3. In no case was the arm 
fixed against the wall of the thorax. In 7 cases no information 
about the treatment is available. Exact information on the 
date when exercises were begun, or when passive and active 
movements of the shoulder joint were allowed, is often miss- 
ing. Exercises were usually begun as early as possible, often 
after a week, in several cases at the first visit (e.g. the cases 
treated by the author during the time he spent at the poly- 
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clinic) and as a rule without the assistance of a physio- 
therapist. 

The duration of disability was recorded for 29 of the 44 
patients, and varied between 6 and 80 days, with an average 
of 23 days. 

39 of the 44 patients with subluxation treated conserva- 
tively have been followed-up. 



Fig. 4. 

Recent total acromio-clavicular dislocation. (Picture from Usadel .) 


29 were followed-up by questionnaire. All 29 reported com- 
plete, or almost complete, recovery from their injury. The only 
reservations were that they occasionally felt slight pain or 
inconvenience from the shoulder, and that the arm was not 
quite as strong as before the accident. 

10 patients chosen at random from the 44 treated conser- 
vatively have been re-examined by me personally, and the 
joint area has been radiographed. 

In 7 of these 10 the suhluxation could he detected when 
the arms were hanging down and the injured was compared 
with the sound side (fig. 2). In 2 of these 7 it was easy to 
palpate part of the joint surface of the lateral end of the 
clavicle, and in 4 other cases the clavicle was felt to he 
widened. In no case were the changes enough to be of any 
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Clavicle Acromioclavicular ligament 

l Ccraerrlarimtar tigs neat 

(Teapots/ rernsnl mp> / 


Acromion 


Coracodaviailar ligament (Conoid portion ) — 


Coracoid process 
Cornco-acromiat ligament 



Tendon of long head of biceps 
x 


Gtcnoidal lip 


— Long head of triceps 


Fig. 579. — Sockf.t of the Left Snoui.ntR Joint after Removal of the Articular Cafsulb and the 
Tendon* of thf, Bickfs Muscle. (SoboUs and McMurrich.) 


Fig. 1 a. 

Acromio-clavicular region showing ligament. (Picture from Callander.) 



Eig. 6. 

Wiring by Fclsenreich ' s and 
Mitchell ’ s method. 
(Picture from Usadel.) 



Suture of clavicle to 
coracoid process. 


356 


ERIK MILLBOURN 


but they could not raise the arm to more than 60° and 70° 
respectively above the horizontal plane. The reason for this 
limitation in these 2 patients is not clear. Both were declared 
sound by an insurance company, 46 and 50 days respectively 
after the accident. The 10th patient, a man aged 65 years, 
showed considerable limitation of movement of both shoulder 
joints, secondary to a previously diagnosed chronic poly- 
arthritis (S.R. 101 in 1 hour), and presumably unconnected 
with the acromio-clavicular injury. 

The case of subluxation which was treated surgically had 
an intra-articular operation, and 2 wires were placed mainly 
extra-articularly. Some degree of subluxation remained after 
the operation (fig. 3). The patient was discharged as fit for 
work 37 days after the accident. Soon afterwards a sinus 
formed over the site of the operation, and healed only after 
removal of the wires 5 months after operation. Reply to a 
questionnaire about 10 years after the injury showed him to be 
fully recovered. 

As was to be expected, the prognosis is good in cases of sub- 
luxation of the acromio-clavicular joint, independent of the 
method of treatment, provided prolonged immobilisation of the 
shoulder joint is avoided. Surgical treatment is unnecessary. 
The time needed for treatment depends presumably mainly on 
the degree of injury, and on possible simultaneous injury to 
the shoulder joint. It cannot be determined from this material 
which conservative method of treatment is the most effective 
for these injuries. The author is inclined to recommend as a 
standard treatment an abduction cushion, with adhesive 
strapping and a felt pad on the lateral end of the clavicle, 
combined with exercises applied from the beginning of treat- 
ment; if necessary, because of the pain, at first only passive, 
and as soon as possible active movement of the shoulder 
joint. With this treatment, limitation of movement secondary 
to simultaneous mild diagnosed or often undiagnosed injury 
to the shoulder joint, is avoided, especially in elderly people. - 

With regard to severe injuries to the acromio-clavicular 
joint involving complete dislocation, opinions on conservative 
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Fig. 8. 

Case 1. Total acromio-clavicular 
dislocation. 


Fig. iO. 

Case 2. Subacromial 
subluxation immediately after 
wiring plus free fascia 
transplantation. Wire intact. 



Fig. 9. 

Case 1. Upward subluxation immediately after catgut suture of ligament 
plus free fascia transplantation. 


or surgical treatment differ. Some authorities hold extreme 
views, and think that nothing should be done to reduce the 
dislocation. The functional results are good, and the cosmetic 
impairment is of no importance to men. This extreme view 
will hardly be accepted in cases with severe degrees of dis- 
location, and where the connecting ligaments between the 
clavicle and the coracoid process have definetely been com- 
pletely torn (figs. 4, 8 and 24). 

Conservative treatment involves various types of splinting. 
The difficulty is to immobilise so that the dislocation is re- 
duced. The simplest, hut least efficient, method is by pressure 
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Fig. ti. Fig. 12. 

Case 2. Exact contact of joint . Case 3. Exact contact of joint 

surfaces after wire has broken. surfaces after wire has broken. 


with a felt pad and adhesive strapping. The safest, but most 
complicated, method is certainly UrisV s (fig. 5). According 
to Urist, the plaster shown in fig. 5 should be worn by the 
patient for 6 weeks. The patients treated by Urist in this way 
were young soldiers on active service. This method of treat- 
ment must he considered unsuitable for elderly patients. 

Operative treatment falls roughly into 2 groups, 1) intra- 
and 2) extra-articular correction. 

For intra-articular correction the joint is opened. Arthro- 
desis ( Cooper 1856), with resection of the joint surfaces, can 
be performed. Usually, however, the joint surfaces are pre- 
served, and fixation is obtained in a variety of ways, for 
example, by a nail hammered in from the acromion across 
the joint to the clavicle, or by some kind of thread placed in 
various positions (wire, silk, fascia). Felsenreich’s and Mit- 
chell’s wiring (strictly speaking applied extra-arti cularly), 
appears to the author to be one of the most reliable methods, 
and perhaps the one that gives the best chance of future 
function of the acromio-clavicular joint (fig. 6). Odelberg has 
used a similar method. 

In the extra-articular operation, the joint is left intact 
during the rougher handling, but it is opened during the 
operation; the capsule ligaments are sutured with catgut. 
If an articular disc is found it is removed, if necessary. The 
basic purpose of the operation is reconstruction of the torn 
ligaments between the clavicle and the coracoid process (the 
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Fig. 13. 

Case 1. Calcification of soft 
tissue in the injured area 4 
weeks after catgut suture of 
ligaments plus free fascia 
transplantation. 


"a 



Fig. U. 

Case 1. Widespread calcification 
of soft tissue in injured area 
2 Vj months after operation. 


trapezoid and conoid ligaments, fig. 7 a). This can be done in 
different ways. The ruptured ligaments may be sutured. The 
stumps of the ligaments are, however, very short, the sutures 
are difficult to place and will not hold, especially under the 
strong mechanical strain to which they are exposed immedia- 
tely after operation. As a substitute for the torn ligaments the 
acromio-coracoid ligament can be used, the whole of the 
acromial insertion being transferred to the clavicle. Fixation 
of the clavicle to the coracoid process can finally he achieved 
in various ways, by wiring (see Bergh, for example) or by 
free fascia transplantation (fig. 7 b). 

In 1942 the author treated a case of severe dislocation of 
the acromio-cl avicular joint, where all the connecting liga- 
ments between the clavicle and the coracoid process had been 
ruptured (fig. 8). The dislocation was easily reduced, so 
conservative treatment was tried first. However, the disloca- 
tion soon recurred under the bandages (a pressure pad and 
adhesive strapping, and later firm bandaging of the upper arm 
to the wall of the thorax) and it was felt that operation was 
indicated. When it came to a choice of operative method, the 
author recalled a number of cases in which an intra-articular 
operation had had relatively unfavourable results, both ana- 
tomically and functionally. 

A study of the literature, in which UsadeV s comprehensive 


23 Acta orthopaedlca, vol. XIX, 3 
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work ' jst useful, showed that from all points of view 
; s u.aal operation in cases where direct suture of 

tlu u ’n was impossible was to transplant free fascia as 
a bub.- .Kmc for the torn ligaments between the coracoid pro- 
cess mr.i the clavicle. At operation the dislocation could be 
completely reduced, and the torn ends of the ligaments were 
sutured with catgut, and secured by free fascia lata trans- 
plants: a 1.5 cm wide strip of fascia was looped round the 
clavicle, and both ends were sewn to the coracoid process. 
Radiography directly after the operation showed upward sub- 
luxation for half the width of the bone (fig. 9). In view of 
this subluxation immediately after the operation, the author 
modified his technique in. the 2 subsequent operations, thus, 
in addition to suture of the ligaments and fascia transplanta- 
tion, the clavicle was fixed to the coracoid process by a metal 
wire from the clavicle round the coracoid process. In all 3 
cases the report on the operation states that the reduction of 
the dislocation was complete. In the 1st case a supra-acromial 
subluxation was found immediately after operation (fig. 9). 
In the 2nd case, which was wired, radiography after the 
operation showed over-correction, with a sub-acromial sub- 
luxation (fig. 10). Then the metal wire broke, and radiography 
showed a correct position (fig. 11). In the 3rd case a correct 
position was found after the wire had broken (fig. 12). The 
simplest way to interpret these findings is that the author’s 
idea of the correct position during operation, was all right in 
all 3 cases, but when the arm was adducted towards the thorax 
after the operation, the strain on the plastic ligament was 
considerably increased. Normally, according to Sommer, the 
coraco-clavicular ligament will stand a stress of 80 kgms 
(appi. 176 lbs.). A supra-acromial subluxation appeared in 
case 1. In cases 2 and 3, the wires held at first and an over- 
coi reeled subacromial subluxation position was obtained (ra- 
diographic confirmation in case 2, fig. 10). Thus, when the 
xuie breaks under the great strain, the subacromial subluxa- 
tion is reduced to the correct position (fig. 11). The wire 
should therefore not be pulled too tight, and the surgeon 
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Fig. 15. 

Case 1. Barely visible subluxa- 
tion of right acromio-clavicular 
joint, 5 years after free fascia 
transplantation. 



Fig. 16. 

Case 1. Follow-up examination 
5 years after operation. The 
slight limitation of movement 
is in the sound shoulder joint. 


should, during the operation, check what the position will be 
when the arm is adducted against the lateral wall of the 
thorax. Bergh described 6 cases operated on by wiring between 
the clavicle and the coracoid process. The wire broke after 
the operation in 4 cases. 

The post-operative course was smooth in all 3 cases. The 
first patient was put in a thoraco-brachial plaster, with the 
arm free in an abducted position. The arms of the other 2 
patients were held in abduction by an abduction cushion. 
In all 3 cases passive and active exercises were begun very 
early (as soon as the wound showed normal healing). They 
were discharged as fit for work 2, 3 and 1 months respectively 
after the operation. All 3 were insurance cases. In this con- 
nection one may mention Krieger Lassen’s striking statement 
that in 52 cases (18 hospitalised, 9 operated) of luxation of 
the acromio-clavicular joint there was 5-29 months interval 
between the injury and assessment of the disablement (aver- 
age 10 %) by the Danish Workers Insurance Board. 

Case 1. Man aged 51, building labourer (case history no. 3883-42) 18/10 
fell from bicycle. Unconscious for several minutes. Felt unwell. Ad- 
mitted to hospital 19/10: Superficial flesh wounds on right shoulder. 
Pronounced upward dislocation of lateral end of right clavicle. Radio- 
graphy: Dislocation of acromio-clavicular joint, with lateral end of 
clavicle displaced upwards by twice the breadth of the hone (fig. 8). 


23 * 



At tilt' time of injury showed more severe arthrosis deformans on the sound side. 
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Fig. 11 a & b. 

Case 1. Calcifications and ossification of injured area 5 years after free 

fascia transplantation. 


Fixation with adhesive strapping and pressure pad. Radiography : Per- 
fect alignment. 21/10: Radiography: Redislocation by breadth of bone; 
fixation completed by firm bandaging of the upper arm against the 
thorax. 24/10: Radiography: Redislocation unchanged. 28/10: Open re- 
duction plus fixation of clavicle to coracoid ivith free fascia transplanta- 
tion by the author. NsO + Ether Anaesthesia given. The ends of the 
coraco-clavicular ligament caught with catgut sutures. Complete reduction 
occurs easily. Sutures: Fascia lata strip about 15 cm X 1.5 cm placed round 
clavicle and both free ends sewn to coracoid. Apparent effective and exact 
fixation. Suture of capsular ligaments on superior and anterior aspects 
of acromio-clavicular joint. No articular disc. 28/10: Radiography after 
operation: upwards subluxation by the width of half a bone (fig. 9). 
13/11: Scar healed by first intention. Thoraco-brachial plaster cut away 
superiorly. Exercises given. Discharged. Out-patient re-examinations: 
30/11: Radiography: calcification of soft tissue between coracoid process 
and lateral end of clavicle (fig. 13). 28/12: satisfied, to begin light work. 
11/1 1943: Almost full mobility in shoulder-joint: Radiography: un- 
changed position. Widespread calcification of soft tissue (fig. 14). 15/2: 
No visible deformity. Normal mobility. Follow-up examination 16/9 1947: 
Feels no pain. Does very heavy work. Barely visible and palpable sub- 
luxation (fig. 15), increased width of lateral end of clavicle. Completely 
normal mobility (fig. 16). No crepitus. Radiography: lateral end of 
clavicle forming acromio-clavicular joint subluxated by half the width 
of the joint. Under this is found an irregular bony process 6 cm long 
and 2 cm wide, connected with the clavicle. It extends to the coracoid 
process, but is not in bony connection with it (fig. 17a & b). 

Case 2. Man aged 65. Warehouse worker (case history 4840/44). 13/11 
fell from height of 2 metres (7 ft.). Admitted 14/11: Pronounced upward 
dislocation of right acromio-clavicular joint. Restricted mobility of 
shoulder joint. Radiography: dislocation of acromio-clavicular joint with 
displacement of lateral end of clavicle by twice the width of the bone. 
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Fig. 18. 

Case 2. Limitation of extension 
3 years after wiring plus free 
fascia transplantation. 





Fig. 19 a & b. 

Case 2. Calcifications and 
bone bridge between clavicle 
and coracoid process, 3 years 
after wiring and free fascia 
transplantation. 


15/11: Open reduction and clavicle-coracoid fixation by metal wire and 
free fascia transplantation by the author. The stumps of the coraco-clav- 
icular ligament secured with one linen and one catgut suture. A metal 
wire, looped round the coracoid process and through hole drilled in lateral 
end of clavicle, was tightened and tied, using Sven Johansson’s apparatus, 
to produce exact alignment of the acromio-clavicular joint. Ligament 
sutures tied. Fascia lata strip about 15 cm X 1.5 cm placed round clavicle 
and coracoid process, and sutured in this position. Otherwise operation as 
above. 21/11: Radiography: Sub-acromial subluxation in the acromio-clav- 
icular joint (fig. 10). 23/11: Exercises begun. 2/12: Wound healed. Aspira- 
tion of 30 c.c. serous fluid from area of operation. Fairly good mobility: 
abducts arm to 45° above horizontal plane. Rotation 45°. Discharged. 
Out-patient examinations 6/12: Reaspiration. 12/12: Physical treatment 
continued twice weekly. 18/12: Radiography: Wire broken in two places. 
Practically exact alignment of the joint. Calcification of soft tissue (fig. 
11). 12/1 1945: Physical treatment once a week. 23/2: Good mobility. 
Discharged as fit. 13/6 1945: Occasional pain round right shoulder. Move- 
ments normal. No pain on movement. Final examination 18/9 19k?: Oc- 
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Fig. 20 a, b and c. 

Case 3. Range of movement 2 years after wiring and free fascia 

transplantation. 


casional slight discomfort in shoulder. On full work as warehouse worker, 
lifting and carrying sacks, etc. No visible or palpable subluxation. Lateral 
end of clavicle increased in width. Mobility : With arms stretched over- 
head, about 10° limitation of movement (fig. 18). Rotation normal, ex- 
cept for internal rotation: if the dorsum of the hand is placed on the 
back, tip of right thumb reaches only 10 cms below the angle of the 
scapula. Slight crepitus round right shoulder joint. Radiography: Right 
shoulder: Exact alignment of acromio-clavicular joint. Since previous 
examination 18/12 1944, calcification of area between clavicle and cora- 
coid process further increased. Both bones now connected by bony bridge. 
A fairly long area of calcification found along the acromial insertion 
of the conoid ligament. The broken wire remains in the same position 
(fig. 19 a & b). Left shoulder: Some arthrosis deformans in acromio- 
clavicular joint. 

Case 3. 36 year-old man. Dairy-farm foreman. Admitted Varbcrg 
Hospital 7/12 1945. Fell from bicycle same day. Lateral end of left 
clavicle dislocated upward, with 2 cms. palpable separation from the 
acromion. Radiography: Dislocation of acromio-clavicular joint, with 
lateral end of clavicle displaced upward by more than the width of the 
bone. 11/12: Operation (no. 1335) by author. Open reduction with fixa- 
tion of clavicle to coracoid by wire and free fascia transplantation. Opera- 
tion performed exactly as in case 2, except that fascia transplantation was 
looped round clavicle and coracoid process as figure-of-8. 22/12: Scar 
healed by first intention. Exercises begun early. Continuing abduction 
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Fig. 21. 

Ease 3. Calcifications and bone 
bridge between the clavicle and 
the coracoid process, 2 years 
after wiring and free fascia 
transplantation. 



Fig. 22. 

Man, now 37 years of age, after 
conservative treatment. 10 vears 
after injury visible subluxation 
of acromio-clavicular joint. 



Fig. 24. 

Man, now 43 years old, showing 
dislocation 9 years after injury 
treated conservatively with 
pressure pad and adhesive 
strapping. 
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Fig. 23. 

Man, now 37 years of age. Cal- 
cifications 10 years after injury 
treated conservatively with 
pressure pad and adhesive 
strapping. 


iNryV- 



Fig. 25. 

Man, now 43 years old. Calci- 
fications 9 years after injury 


treated conservatively with 
pressure pad and adhesive 
strapping. 


Thus at follow-up examination during September-0 ctober 
I9U7 the 3 cases showed good anatomical and functional re- 
sults roughly 5, 3 and 2 years respectively after operation. 
There was no visible or palpable subluxation, except to an 
insignificant degree in case 1 (fig. 15). In all 3 cases the 
lateral end of the clavicle could be felt to be definitely widened. 
All 3 patients were engaged in heavy manual labour. 2 showed 
an absolutely normal range of movement on both sides (the 
deficient mobility shown in fig. 16 is confined to the side not 
operated on). Case 2, a 65 year-old man, had a mild limitation 
of abduction (see fig. 18), and slight limitation of rotation 
could he detected when he placed the dorsum of the hand on 
liis back; the tip of the thumb on the operated side only 
reached 10 cms (4") below the angle of the scapula, while 
that of the sound side could reach up to the angle of the 
scapula. Judging from these 3 cases operated for total dis- 
location of the acromio-clavicular joint, the extra-articular 
method, using fixation with wire and free fascia transplants, 
as applied in the author’s cases 2 & 3, can be recommended. 
It is, however, essential that the patient should be given passive 
and active exercise of the shoulder joint, preferably beginning 
during the first week after operation. Good anatomical as well 
as functional results can then be expected. 
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Fig. 26. 

Man, 58 years of age. Redisloca- 
tion immediately after suture 
of joint capsule. 



Fig. 27. 

Man. now 6S years old. Suture 
of joint capsule. 10 years later: 
calcifications. 


Of the 10 cases of complete dislocation which, apart from 
the 3 previously mentioned, are included in the material, 6 
were treated conservatively, all with pressure pad and adhesive 
strapping. Incapacity for work varied between 21 and 75 days. 
The average was 45 days. 

5 of these 6 patients have been followed-up later by quest- 
ionnaire. 8-9 years after the injury 3 patients claimed to have 
recovered fully, and do not mention any dislocation. The Uh 
patient, a teacher, states in his letter that 9 years after the 
accident his injured arm is less strong, and will not stand 
prolonged strain. The dislocation remains unchanged, and 
during “some” movements the clavicular dislocation reduces 
itself spontaneously. Normal range of movement. The oth 
patient, an officer, states that 10 years after the accident he 
has no complaints about his ability to work and move his arm, 
hut that the outer end of the collar bone is displaced upward 
from the joint (fig. 22). Radiography 3/5 1948 (fig. 23). The 
6th patient has been examined by the author 9 years after 
the accident. Dislocation is clearly visible. The patient can 
increase the dislocation (fig. 24) and it can be parity reduced 
by manipulation if the arm is raised above the horizontal 
plane. Palpation shows increased width of the lateral end of 
the clavicle. His arm does not feel quite as strong, but he has 
no pain. The range of movement is nearly normal; rotation is 
still somewhat limited. When he puts his right hand on the 
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Fig. 28. 

Man, 23 years old. Redislocation 
1 month after wiring clavicle to 
acromion. 



Fig. 29. 

Man, now 31 years old. 8 years 
after operation: calcifications. 
"Wire has broken. 


back of his neck, the tips of his fingers reach just in front 
of the left outer ear (the left reaches the right corner of his 
mouth), and with the dorsum of the hand placed on the hack, 
the tip of the right thumb reaches to the angle of the scapula 
(the left reaches as high as the base of the spine of the 
scapula). Radiography: 28/1 1948 (fig. 25). 

The 4 patients with complete dislocation, treated surgic- 
ally, all had intra-articular operations. 

In 2 cases, the operation consisted only of suture of the 
joint capsule with catgut, giving in the first case normal 
alignment, in the second a redislocation, seen on the radio- 
graphs taken immediately after the operation (fig. 26). The 
post-operative course was uneventful. The 1st patient, a me- 
dical student, was considered unfit for 3 weeks after the 
operation. 3 months later he fractured the lateral end of the 
clavicle on the same side. At follow-up examination by letter, 
9 years after the accident, there was said to be an abnormal 
palpable separation of the joint surfaces. The lateral end of 
the clavicle was increased in width, and the acromion was 
lying 1/2 cm below the clavicle, compared with the sound 
side. He had slight pain, and his arm tired more easily after, 
for example, carrying loads with the arm hanging. The 2nd 
patient, a bricklayer, who .had a redislocation, was disabled for 
about 4 months, after which he was discharged with a certifi- 



370 


ERIK MILLBOURN 



Fig. 30. 

Man, 53 years old. Intra-arti- 
cular operation by Fclsenreich’s 
method and fixation with 
Risslcr pin. 



Fig. 31. 

Man, now 69 years old. Con- 
servative treatment. 5 years af- 
ter injury: bridge type of calci- 
fication of conoid ligament. 


cate of disablement. The insurance company granted him a 
disablement pension for 1 year on the basis of a 10 % 
reduction of capacity for work. At the follow-up examination 
by the author 10 years after the accident, the dislocation 
could be clearly seen and jtalpated. The lateral end of the cla- 
vicle had increased to double its width. Occasional pain in the 
shoulder was felt in connection with heavy work. The lifting 
capacity was equal on the two sides. Normal range of move- 
ment. Radiography: 18/5 1948 (fig. 27). 

In 2 cases the end of the clavicle was wired to the acromion. 
In the first, radiography, well over one month after the opera- 
tion, showed that the wire was no longer attached to the 
acromion, and the dislocation had recurred (fig. 28). Incapa- 
city for work after the operation lasted well over 2 months 
in this case. At follow-up examination 8 years after the ac- 
cident, a subluxation was clearly seen and palpated. The 
lateral end of the clavicle had increased to double its width. 
Occasionally he felt tired and had slight pain in the arm. 
Lifting capacity and range of movement were normal. Radio- 
graphy: 18/5 1948 (fig. 29). 

7 he Mh and last case was treated by wire fixation by 
Felscnrciclrs method, combined with fixation with a Rissler ’ s 
metal pin (fig. 30). Radiography 2 Yz months later showed no 


ON INJURIES TO THE ACROMIO-CLAVICULAR JOINT 371 



Fig. 32. 


Man, now 27 years old. Con- 
servative treatment. 4 years af- 
ter injury: calcification of 
trapezoid ligaments and conoid 
ligament joined to the coracoid 
process by bone: also book-sha- 
ped process on the lateral end of 
the clavicle inferiorly. 



Fig. 33. 

Man, now 27 years old. Con- 
servative treatment. 4 years af- 
ter injury: lateral end of clav- 
icle pointed like a beak. 


change of position and he was allowed to start light work. 
No further information about this patient is available. 

From these 10 cases of complete dislocation of the acromio- 
clavicular joint, it would appear that, whether treatment has 
been conservative, using adhesive strapping and a firm pres- 
sure pad, or surgical, using various types of intra-articular 
operation, the anatomical result is usually poor. The import- 
ant fact, however, is that the functional result is good. 


RESULTS OF RADIOGRAPHIC FOLLO W-U P 
EXAMINATION 

17 of the 58 cases forming the material have been radio- 
graphed later (16 of the cases at Lund diagnostic X-ray. de- 
partment, and one case at Visby Hospital X-ray department). 

Areas of calcification in the injured area have been seen 
with great frequency, i.e. in 14- out of the 17 cases examined. 

Iirieger Lassen, Schnek, Svab, Usadel, Urist, Walxren, and 
others have described similar post-traumatic calcified areas. 
According to Svab, Grune and Meyer have each published de- 
scriptions of 2 cases, in 1911 and 1912 respectively, and Hart- 
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mann and Poirier, the anatomists, showed as long ago as 1887 
similar formations in their anatomical specimens. 
Calcifications may occur in different ways. 

1 ) By periosteal new bone formation on the. clavicle or cora- 
coid process, or from fragments of periosteum detached 
from these hones. 

2) By a calcification process in the coraco-clavicular liga- 
ment. 

3) By calcareous deposits in devitalised tissue (remains of 
ligaments, transplanted strips of fascia, haematomata and 
bursae) . 

Suab found calcified areas of varying sizes in the coraco- 
clavicular ligament, in 15 out of 22 cases of long-standing 
acromio-clavicular dislocation. Suab believes that the calcifi- 
cation arises through a process of ossification deriving from 
the cartilaginous or true cartilage tissue on the outer surface 
of the ligament, which Luschka, Poirier and Fick demonstrat- 
ed. Svab also thinks that there may he a connection between 
the extent of the ossification and the degree of damage to 
the vessels caused by the injury to the ligament. 

Urist found calcification in 18 of 41 cases examined — this 
was restricted to the coraco-clavicular ligament. Macroscopic 
and radiographic examination of extensive areas of calcifica- 
tion excised in chronic cases treated by resection of the lateral 
end of the clavicle, showed that it sometimes appeared as a 
bony spur from the periosteum on the clavicle or coracoid 
process. In other cases it was found as an independent forma- 
tion. 

3 of the 17 cases forming the material showed no calcifica- 
tions on the follow-up radiographs. These 3 cases are from 
the group of cases of subluxation treated conservatively. The 
areas ol calcification in the remaining 7 cases ■ of subluxation 
treated conservatively appear in various forms, namely cal- 
cification of the trapezoid ligament in 4 (in 2 of these it is 
restricted to the area of insertion on the lateral end of the 
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clavicle and in 2 to the insertion on the coracoid process). 
Similarly the conoid ligament shows calcification in 4 cases; 
restricted in 2 cases to the insertion on the lateral end of 
the clavicle, and in 1 case to the insertion on the coracoid 
process. In the 4-th case there is a calcified bridge between the 
clavicle and coracoid process (fig. 31). In 2 cases areas of cal- 
cification have been seen in and round the acromio-clavicular 
joint. In 1 of these the calcification on the coracoid process 
shows a bong structure (fig. 32). 

All 7 cases of dislocation, whether treated conservatively 
or surgically, show abnormal calcification of the injured area 
at the follow-up examination. 

The 2 treated conservatively show calcification, localised 
in both cases to the insertion of the trapezoid ligament on the 
clavicle and to its central area, as an isolated, independent 
calcified area (figs. 23 and 25). In one case the insertion of 
the conoid ligament onto the coracoid process is also calcified 
(fig. 23). 

The 2 treated by intra-articular operation show areas of 
calcification, localised in one case to the clavicular end of 
the trapezoid ligament and an independent insular area in 
the centre of the conoid ligament (fig. 29), in the other to the 
insertion of the trapezoid ligament onto the coracoid process 
as well as to the neighbouring area of the acromio-clavicular 
joint (fig. 27). 

The 3 treated by free fascia transplantation all show calci- 
fication localised to the fascial transplant (figs. 17, 19 and 21). 
All these areas show bony structure and also there is calci- 
fication of the clavicular end of the trapezoid ligament, and in 
one there is also calcification of its insertion onto the coracoid 
process (fig. 21). In all 3 the fascial transplant was so placed 
that, to a great extent, it coincides with the line of the conoid 
ligament, for which reason it is not possible to determine 
whether there is also calcification in this ligament. In one of 
the 3 cases (case 2), the bony connection between the coracoid 
process and the clavicle is wide enough to justify a presump- 
tion that material from the conoid ligament is included in the 
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bony bridge (fig. 19). In case 3 it is uncertain whether the liga- 
ment is included in the bony bridge (fig. 21). In case 1, where 
a bony connection is not found between the coracoid process 
and the clavicle, it is clear from the width of the calcified 
area that the clavicular end of the conoid ligament is calci- 
fied (fig. 17). 

A study of the radiographs of these 3 cases illustrates the 
author’s method of placing the transplantation. In all 3 the 
loop of fascia was placed round the clavicle, and the bony 
bridge can be seen on the radiograph to he attached to the 
clavicle in all cases (figs. 17, 19 and 21). In case 1 the two 
free ends of the transplant were attached to the coracoid 
process, anteriorly and posteriorly, respectively. In this region 
no bony connection has appeared (fig. 17). In the 2 other 
cases, the loop of fascia was placed round the clavicle as well 
as the coracoid process, and a complete bony connection has 
developed: that is, a bridge of bone between the coracoid 
process and the clavicle (figs. 19 and 21). In case 3 the middle 
of the bridge is narrow, probably because the loop of fascia 
was placed as a figure-of-S round the clavicle and coracoid 
process (fig. 21). 

Bony connection between the clavicle and the coracoid pro- 
cess is thus found in 3 of the author’s cases; in 2 of which 
fascia transplantation was used (figs. 19 and 21), and in 1 
subluxation treated conservatively (fig. 31). Urist has also 
found bony connections in cases treated conservatively. 

Urist found that calcification could be seen as early as 
3-4 weeks after injury. It increased in area and intensity as 
the months went by. The final extent varied from a small 
patch of calcification to the bony union between the clavicle 
and coracoid process just described. In the author’s surgically 
treated material, minimal calcification could be found as early 
as 1 month after operation (fig. 13), and 2 months after 
operation it had assumed its final form and extent, even 
though the calcium content was still low (fig. 14). Like the 
author, Liberson and Birkett have found calcification after 
tascia transplantation — each in one case. 
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It is impossible to say why calcification does not occur in 
every case of acute injury to the acromio-clavicular joint. 
Calcification may appear whether the injury is mild or severe, 
and whether the treatment is conservative or surgical. Nutri- 
tional conditions would seem to play an important part in 
calcification of the transplanted fascial strip. The patient’s 
age at the time of injury is not of decisive importance. 3 pa- 
tients from the author’s material, in which calcification did 
not occur, were 25, 47 and 61 years respectively at the time 
of injury. Among the conservatively treated patients showing 
calcification were 3 aged 21-23 years, and 4 aged 45-65 years 
at the time of injury. Among the patients showing calcifica- 
tion who had intra-articular operations, 3 were aged 23-34 
years, and 1 58 years. The 3 patients treated by fascia trans- 
plantation, were aged 36, 51 and 65 years respectively at the 
time of injury. 

The functional result is not influenced by calcification. 
Of the 3 cases in the author’s material where the functional 
result proved poor (conservatively treated cases of subluxa- 
tion, see pp. 355-56) calcification is absent in one (man aged 
61 years), but appears in the 2 others (men aged 62 and 65 
years). 

14 of the cases which were examined radiographically can 
be used to throw light on the question of whether any connec- 
tion can be found between acromio-clavicular joint injuries 
and arthrosis deformans in this joint. The result will be 
found summarized in Table II. In 6 cases an arthrosis either 
occurred after the injury, or increased in intensity on the 
injured side. In 2 of these, however, the facts are not so 
simple. In one case the arthrosis changes were from the be- 
ginning more marked on the sound side; later, at the follow- 
up examination 5 years after the accident, it was about equal 
on the two sides. In the 2nd case there was no arthrosis on 
either side at the time of injury. 10 years later, the patient 
showed slight bilateral arthrosis, but with rather more mark- 
ed changes on the sound side. The result of the investigation 
is thus ambiguous. In some cases (in 4 of the 14 cases forming 


24 Acta orthopaedica, vol. XIX, 3 
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the material), there is a possibility that the arthrosis changes 
occurred or increased as a result of the accident. 

Radiographic changes have been shown in 3 more cases. 
In 2 cases, aged 23 and 45 years respectively, the lateral end 
of the clavicle has become pointed and beak-shaped since the 
accident (fig. 33), and in 1 case a hook-shaped process has 
formed below the lateral end of the clavicle (fig. 32). 


SUMMARY 

The results of treatment of 58 cases of aeromio-clavicular 
joint injuries from Lund Surgical Clinic are reported. 

44 mild injuries — subluxation of the acromio-clavicular 
joint — have been treated conservatively, and 1 surgically. In- 
capacity for work lasted on an average 23 days. The prognosis 
is usually good, independent of the method of treatment, pro- 
vided that immobilisation of the shoulder joint is avoided. 
The author is inclined to recommend as a standard method 
an abduction cushion with a pressure pad and adhesive strapp- 
ing on the lateral end of the clavicle, combined with physical 
treatment begun at the beginning of treatment; if necessary 
because of the pain only passive movements need be given at 
first, and active movements of the shoulder joint are begun 
as soon as possible. With this method of treatment, restriction 
of movement secondary to a mild injury to the shoulder joint, 
diagnosed or undiagnosed, is avoided, especially in elderly 
people. Surgical treatment is unnecessary. 

Of 13 more severe injuries — dislocation of the acromio-cla- 
vicular joint 6 have been treated conservatively, using pres- 
sure pad and adhesive strapping, and 7 surgically. The period 
of incapacity for work averaged 45 days for the cases treated 
conservatively, and 65 days for the cases treated surgically. 

3 patients have been operated on extra-ai’ticularly, using 
a free fascia transplant as a substitute for the torn* coraco- 
clavicular ligament (plus wire fixation in 2 of the 3 cases). 
1 have been operated on intra-articularly by different methods. 
The follow-up examination showed that the functional result 
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was good in all cases of dislocation, whether they were treated 
conservatively or surgically. The anatomical result was usu- 
ally poor in all the cases treated conservatively, and in the 
cases who had intra-articular operations. A good result, both 
functional and anatomical, was recorded 5, 3 and 2 years 
respectively after free fascia transplantation. In the 2 last 
cases to he operated on, the author used a free fascia transplant 
and wiring, and this method is recommended for severe cases 
of dislocation where the ligamentous connection between the 
clavicle and the coracoid process proves to be completely 
divided. An abduction cushion and early exercises are recom- 
mended. 

Abnormal calcification of the injured area has been ob- 
served in 14 out of the 17 cases re-examined radiographically. 

Calcification appears whether the injury is mild or severe, 
and whether the treatment is conservative or surgical. It can 
he observed as early as 3-4 weeks after the accident, according 
to the observations of the author and others, and it may have 
assumed its final form and extent 2 l /% months after the ac- 
cident. The calcification may have a bony structure and may 
form a bridge between clavicle and coracoid process, whether 
the treatment is conservative or surgical. The patient’s age 
at the time of injury has no proven influence on the ap- 
pearance of calcification. The calcification does not affect the 
later functional result. 

The calcification may be localised to various parts of 
the coraco-clavicular ligament, to various positions in various 
cases, and to the area of the acromio-clavicular joint. The 
extent varies widely from a small patch of calcification to a 
number of extensive areas in the region of the injured area. 
In the cases treated by free fascia transplantation, the calcifi- 
cation has in all cases a bony structure, and is mainly loca- 
lised to the transplanted strip. 

With regard to the question of a relation between arthrosis 
deformans and acute injuries to the acromio-clavicular joint, 
the author’s material shows that it is possible that arthrosis 
changes have occurred or increased as a result of the injury. 


24 * 
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RESUME 

Les resultats du traitement de 58 cas de lesions de l’arti- 
culation acromio-claviculaire de la Clinique Chirurgicale de 
Lund sont rapportes. 

44 lesions peu graves — subluxation de 1’articulation acro- 
mio-claviculaire — ont ete soumises a un traitement conser- 
vateur, et 1 chirurgical. II y a eu incapacity moyenne de travail 
pendant 23 jours. Le pronostic est generalement bon, inde- 
pendamment de la methode de traitement. a condition d’eviter 
l’immobilisation de 1’articulation de l’epaule. L’auteur est en- 
clin a recommander comme methode standard un coussin 
d’abduction avec coussin de pression et rattachement adhesif 
a l'extremite laterale de la elavicule, combinee, a un traite- 
ment physique institue des le debut: si necessaire par suite 
de douleurs, on peut se borner pour commencer a des mouve- 
ments passifs, mais il convient de commencer des que possible 
les mouvements actifs de l’articulation de l’epaule. Avec cette 
methode de traitement on evite, notamment chez les personnes 
agees, une restriction des mouvements, secondaire a une 
lesion benigne de 1’articulation de l’epaule diagnostiquee ou 
non diagnostiquee. Le traitement chirurgical n’est pas neces- 
saire. 

Sur 13 lesions severes — dislocation de 1’articulation acro- 
mio-claviculaire — 6 ont ete soumises a un traitement conser- 
vateur en utilisant un coussin de pression et le rattachement 
adhesif, 7 a un traitement chirurgical. La periode d’incapacite 
de travail s’est etendue en moyenne sur 45 jours pour les cas 
soumis au traitement conservateur, a 65 jours pour ceux 
traites chirurgicalement. 

3 malades ont ete operes extra-articulairement, en utilisant 
la transplantation d’une fibre l’aponevrose femorale pour rem- 
placer le ligament coraco-claviculaire dechire ( et fixation par 
fil metallique dans 2 de 3 cas ). 4 cas ont ete operes intra-arti- 
culairenient par diverses methodes. Les examens subsequents 
ont fait ressortir un bon resultat fonctionnel dans tous les cas 
de dislocation, qu ils aient ete soumis a un traitement conser- 
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vateur ou chirurgical. Le resultat anatomique etait generale- 
ment mediocre aussi bien dans les cas soumis au traitement 
conservateur que dans ceux operes intra-articulairement. Un 
bon resultat, tant au point de vue fonctionnel qu’anatomique, 
a ete enregistre 5, 3 et 2 ans respectivement apres la trans- 
plantation de 1’aponevrose. Dans les 2 derniers cas operes, 
l’auteur a utilise fixation par transplantation de’l aponevrose 
femorale et fil metallique et cette methode est recommandee 
pour les cas graves de dislocation ou Ton constate que Tattache 
ligamenteuse entre la clavicule et l’apophyse coracoide est 
coinpletement rornpue. On recommande un coussin d’abduc- 
tion et des exercices pratiques a un stade precoce. 

Une calcification anormale de la partie de la lesion a ete 
observee dans 14 des 17 cas reexamines a la radiographie. 

La calcification apparait que les cas soient benins ou graves 
et que Ton ait institue un traitement conservateur ou chirurgi- 
cal. On peut l’observer deja 3 a 4 semaines apres l’accident, 
suivant les observations de l’auteur et d’autres et on suppose 
qu’elle a atteint sa forme et son extension definitives 2 Vo mois 
apres I’accident. La calcification peut avoir une structure 
osseuse et former un pont entre la clavicule et 1’apophyse 
coracoide, que le traitement ait ete conservateur ou chirurgi- 
cal. II n’a pas ete prouve que 1’age du malade au moment de 
la lesion influe sur le developpement de la calcification. Celle- 
ci n’affecte pas le resultat fonctionnel tardif. 

La calcification peut etre localisee dans les diverses parties 
du ligament coraco-claviculaire, dans des positions variees dans 
les differents cas et dans la region de 1’articulation acromio- 
claviculaire. Son extension differe beaucoup, elle peut passer 
d’une petite tache de calcification a de nombreuses plaques qui 
s’etendent sur toute la region de la lesion. Dans les cas traites 
par transplantation, la calcification a toujours eu une struc- 
ture osseuse et etait principalement localisee au lambeau trans- 
plants. 

En ce qui concerne la question d’un rapport entre 1’arthro- 
sis deformans et les lesions aigues de 1’articulation acromio- 
claviculaire, les observations de l’auteur inontrent qu’il est 
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bien possible que des modifications d’arthrosis se soient devel- 
oppees on accentuees a la suite de la lesion. 


Z U S A M M ENFASS U N G 

Das Behandlungsresultat in 58 Fallen von acromioclavicu- 
lar Schaden, behandelt an der chirurgischen Klinik in Lund 
wird mitgeteilt. 

44 leichtere Schaden — subluxatio acromioclavicularis — 
wurden konservativ, und einer operativ behandelt. Die Arbeits- 
unfahigkeit betrug im Durchschnitt 23 Tage. Das Endresultat 
ist in der Regel ein gutes vorausgesetzt dass man die Fixierung 
im Schultergelenke vermeidet. DerVerfasser empfiehlt als Nor- 
inalmethode Abduktionsschiene und Pelotte-Heftpflasterver- 
band iiber dem lateralen Clavicularende mit Bewegungsthera- 
pie. Mit der letzteren beginnt man direkt vom ersten Tage 
der Behandlung, wenn die Schmerzen es vorschreiben zuerst 
mit passiven Bewegungen, doch so bald als moglich mit akti- 
ven Bewegungen im Schultergelenk. Durch ein solches Re- 
gime verhindert man vor allem bei alteren Menschen eine Ein- 
schrankung der Beweglichkeit im Schultergelenk, die sekun- 
dar infolge einer gleichzeitig entstandenen diagnostizierten 
oder nicht diagnostizierten Schultergelenksschadigung auf- 
treten kann. Eine operative Behandlung ist unnotig 

Von 13 scliwereren Schaden — luxatio acromioclavicularis 
— wurden 6 konservativ behandelt mit Pelotte-Heftpflasterver- 
band und 7 operativ. Die Arbeitsunfahigkeit betrug im Durch- 
schnitt 45 Tage fur die konservativ und 65 Tage fur die 
operativ behandelten Falle. 

3 Patienten wurden operiert mit einem extraartikularen 
Eingriff mittels freier Fascientransplantation als Ersatz fiir 
das geborstene lig. coracoclaviculare (plus Metalldrahtfixa- 
tion in zweien von diesen Fallen). 4 Patienten wurden operiert 
mittels verschiedener Eingriffe direkt am Gelenk. 

Funktionell war das Resultat ein gutes in alien nach- 
untersuchten konservativ oder operativ behandelten Luxatio- 
nen. Anatomisch war das Resultat in der Regel schlecht in al- 
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len konservativ behandelten Fallen und in jener Fallen wo der 
Eingriff direkt ain Gelenk vorgenommen wurde. Ein sowohl 
funktionell als auch anatomisch gutes Hesultat wurde registriert 
5, resp. 3 und 2 Jahre nach der Operation mit freier Fascien- 
transplantation. Die vom Verfasser in den beiden letzten ope- 
rierten Fallen angewendete Methode der freien Fascientrans- 
plantation und Metalldrahtfixierung wird fur die schwereren 
Falle von Luxation anbefohlen, in welchen die Ligamentver- 
bindung zwischen proc. coracoid, und clavicula vollstjindig 
zerstort ist. 

Abnorme Verkalkungen im Gebiete des Schadens wurde 
in 14 von 17 rontgenuntersuchten Fallen festgestellt. 

Die Verkalkungen treten auf gleichgiiltig ob der Schade 
leicht oder schwer war, und unabhiingig von konservativer 
oder operativer Therapie. Man kann sie schon 3-4 Wochen 
nach dem Unfalle beobachten und sie konnen ihre definitive 
Form und Ausbreitung 2 y 2 Monate nach dem Unfalle erreicht 
haben. Die Verkalkungen konnen Knochenstruktur besitzen, 
sie konnen den Raum zwischen clavicula und proc. coracoid, 
iiberbrucken,' gleichgiiltig oh man operative oder konservative 
Behandlung anwendet. Das Alter der Beschadigten ist ohne 
nachweisbaren Einfluss auf das Auftreten der Verkalkung 
und diese selbst hat keinen Einfluss auf das funktionelle 
Endresultat. 

Die Verkalkungen konnen sich in verschiedenen Teilen des 
lig. coraco-claviculare lokalisieren, bei verschiedenen Fallen 
in verschiedener Weise, und auch im Gebiete der articul. 
acromioclavicularis. Ihre Ausbreitung wechselte sehr von ei- 
nem kleinen kalkdichten Fleck zu ausgebreiteten Verkalkun- 
gen an mehreren Stellen im Gebiete des Schadens. 

In den mit freier Fascientransplantation behandelten Fal- 
len zeigen die Verkalkungen iinmer eine knochenartige Struk- 
tur und sind in der Hauptsaclie im oder um das Transplantat 
lokalisiert. 

Beziiglich der Frage eines Zusammenhanges zwischen 
arthrosis deformans und akuten Schaden im Acromioclavicu- 
largelenk kann man, nach dem Material des Verfassers zu 
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urteiien, ~ :<it ausschliessen, dass eine arthrosis deformans 
sich enlv- ’selte oder verschlechterte auf Grund des Unfalles. 
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CHIEF: SVEN K1JER 


AFFERENT PAIN PATHS IN MAN RUNNING 
FROM THE SPONGIOSA IN THE FEMORAL HEAD AND 

PASSING THROUGH THE LUMBAR SYMPATHETIC 

GANGLIA 

BV 

SVEN KLER 
INTRODUCTION 

Amongst the operations used in the palliative treatment 
of painful osteoarthritis of the hip, is the not unimportant 
operation of drilling of the head of the femur by Graber 
Duvernay’s method. Although this treatment is regarded 
sceptically in man 3 r clinics, we have found that it relieves the 
pain for varying lengths of time in about 50 % of patients. 

It has therefore, seemed desirable to discover why this 
operation so frequently relieves the pain. The operation itself, 
viz: drilling of the head and neck of the femur with a drill 
(6 inm. diameter) is rather surprising, if only because recent 
information about 'the pain’s pathogenesis suggests that the 
pain originates in the joint capsule, which has a very rich 
somatic and automatic innervation. It is reasonable to suppose 
that the relief of the pain, which frequently follows blocking 
of the sympathetic — either by procain or by irradiation with 
x-rays — is due to a sympathetic effect, acting either by 
causing changes in the circulation, and thereby affecting the 
mode of response of the pain end organs, or, more hypothe- 
tically, by blocking sympathetic pain paths leading from the 
joint capsule. 

During some introductory investigations designed to study 
the response to drilling of the femoral head, I have studied 
the pain responses both without and with sympathetic block. 
The findings seem to be of some interest for the question of 
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the pain .Mis in the sympathetic system. As our knowledge 
in this f .1 is limited, all observations concerning it must 
have some value at present, though later this value may — 
when observations and experimental investigations have ac- 
cumulated — be reduced or perhaps altogether lost. 


PAIN PATHS IN THE SYMPATHETIC 

The presence of afferent symphathetic nerve paths is an 
open question. It is extremely difficult to fit together the 
different findings. This is probably due to the fact that they 
have been obtained, both by experimenting in animals and by 
studying pain in man, and it is necessary, in studying the 
physiology and anatomy of the sympathetic system, to show 
particular reserve in comparing the results obtained in animals 
with those obtained in man. 

As early as 1896, Dogil showed that there were both motor 
and sensory cells in the stellate ganglion in dogs. Foerster 
suggested that there must be pain fibres in sympathetic 
nerves, since he could still elicit pain by pinching the arteries 
in the arm of a young man with complete interruption of the 
cervical and brachial plexuses. 

Leriche, Tardieu, Fontaine and Foerster believe that there 
are pain fibres in the perivascular plexus, and that fibres 
from this plexus run direct to the sympathetic chain. It should 
be noted that this applies only to the proximal parts of the 
large vessels. Leriche and Tardieu also believe that the injec- 
tion of corrosive fluids into the arteries causes pain, which 
is abolished by sympathectomy. Moore and Singleton were, 
however, unable to confirm this. They believe that the sym- 
pathetic ganglia have little importance in carrying the impulses 
from the vessels, and that the pain is purely somatic. The 
difficulty of solving this question is illustrated by some ex- 
periments which Threadgill made on dogs. He found, from 
studying the effect of heat and of injections of lactic acid 
into the arteries, that there must be centripetal sympathetic 
fibres which pass through the sympathetic ganglion into the 
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Fig. i. 

(Preparation 1). — Showing bilateral posterior rhizotomy of nerve root to 
leg with unilateral sympathetic ganglionectomy. Painful sensations 
from heat are manifested by reaction on the nonsympathectomized side 
only. The anterior roots are undamaged. (Threadgill. Surgery 1947.21.569). 

posterior spinal nerve root and via the spinal ganglion into 
the posterior horn, there to release a painful sensation and 
perhaps a reflex response to pain (fig. 1). He also showed 
very nicely that when the connection with the spinal medulla 
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W gs interrupted by dividing the anterior and posterior roots, 
a vascular response could still be carried by the sympathetic 
alone, without the intervention of the spinal medulla (fig.2). 
These findings are very significant, but are in clear opposi- 
tion to Singleton’s. 


Seclion 



Fig. 2. 

(Preparation 2). — Showing bilateral section of both anterior and posterior 
nerve root with unilateral sympathetic ganglionectomy. Lactic acid 
injection of artery of leg shows blood pressure changes on nonsympa- 
thectomized side only. (Threadgill. Surgery 1947.21.569). 

Some other workers in this field, Takats and Livingstone, 
cannot wholly accept Threadgill’ s view. 

Some interesting observations which Arnulf made on man 
should also be mentioned. Electrical stimulation of the sym- 
pathetic in man caused pain responses in certain areas corre- 
sponding to the ganglion stimulated; the pain was deep and 
never cutaneous. The topography varied but showed certain 
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main characteristics. (It is typical of sympathetic reactions 
that the behaviour pattern of the subject affects his responses 
and therefore the findings). Thus, stimulation of the left 
stellate ganglion provoked cardiac pain, and stimulation of 
both left and right stellate ganglia a deep pain in the scapular 
region. 

When the 1st lumbar ganglion was stimulated, the pain was 
located in the lumbar region, the kidney area and the inguinal 
region. Stimulation of the ramus communicans sometimes 
caused a pain passing down the lower limb. After ramisection, 
stimulation of the 1st lumbar ganglion caused no pain. It is not 
clear from the paper how much the second lumbar ganglion 
was investigated, or whether the trunk was divided. 

Arnulf believed that a painful sensation could be released 
from the first lumbar sympathetic ganglion, the sensation 
being felt in the lumbar and inguinal regions. Both isolation 
of the ganglion and spinal anaesthesia abolished the pain, and 
he concluded that there must be pain fibres in the sympathetic 
system. He further believed that the pain area is very variable 
and that there must be an individual determining factor. 

OBSERVATIONS 

All the subjects (7) were elderly persons with painful 
osteoarthritis of the hip requiring palliative relief of the 
pain by drilling. The operations were performed under local 
anaesthesia (procain 1 % without adrenaline). Only the skin 
and muscles were injected with this solution. In 5 cases the 
first and second lumbar ganglia were also blocked with 2 % 
procain without adrenaline. In 1 case the block failed, and 
this case is included among the patients in whom the sym- 
pathetic was not blocked. No sensory disturbances could be 
detected, so one can assume that the block affected only the 
sympathetic. The effectiveness of the sympathetic block was 
confirmed in all cases by the rise in temperature. The first 
case was examined on 4.2.42. 

During the operation the pain response of the different 



388 


SVEND KLER 


bone elements was noted, and when, in the cases without 
sympathetic block, the pain was severe, procain was injected 
into the burr-hole; the injection allowed rather less than 1 
cm’s further drilling before the next pain response. In some 
cases it was necessary to use N-O-Oj to produce general anal- 
gesia. 

Periosteum Cortex Spongiosa 

No sympathetic block 


(3 cases) 3 + 3 h- 3 + 

Sympathetic block 2-4- 4-5- 4 + 

(4 cases) ...... 2 + 


Drilling of the head and neck of the femur with and without blocking of 
the 1st and 2nd lumbar sympathetic ganglia. Pain response . . . + and -5-. 

Fig. 3. 

The results are shown in Table 3: In all cases without a 
sympathetic block there was a marked pain response when 
the periosteum was traumatised, and particularly when it 
was pulled. No pain was produced from the cortex. But severe 
pain arose from the spongiosa. Of the 4 cases with sympa- 
thetic block, 2 felt pain from the periosteum and 2 no pain; 
none of them felt pain when either the cortex or the spong- 
iosa was bored. Thus there is a definite difference between 
the cases with and without sympathetic block, in that the 
cases with sympathetic block felt no pain from spongiosa; 
on the other hand there was less certainty in the case of the 
periosteal pain, though it should be noted that this was absent 
from 2 of the blocked cases. 

DISCUSSION . 

These observations support the view that pain paths run 
from the spongiosa in the femoral head to pass through the 
sympathetic ganglia. If these observations are regarded in 
the light of ThreadgilVs and Arnalf’s investigations, it is 
reasonable to suggest that there are pain fibres running in 
the sympathetic nerves. Whether these are purely sympathetic 
fibres, or are somatic fibres running in the sympathetic system 
with the sympathetic fibres, cannot as yet he determined. 
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The question, from which elements in the bone is the pain 
released, is difficult — not to say, impossible — to answer. It 
is however, reasonable to believe that the pain arises in the 
nervous apparatus of the bone vessels; it can hardly have 
anything to do with changes in the vascular milieu, since it 
is instantaneous, which suggests a direct irritation of the pain 
elements. 

There is, however, also another observation which is dif- 
ficult to explain, namely the mechanism of the pain in osteo- 
arthritis deformans, which is relieved by drilling. The investi- 
gations have not so far been able to explain — apart from 
speculatively — why boring into the spongiosa abolishes the 
pain in some cases of osteoarthritis deformans. It may, how- 
ever, he mentioned that some of our patients with arthrosis 
deformans of the hip have had temporary relief from pain 
after procain blocking of the sympathetic. 

S U M M ARY 

During drilling of the head and neck of the femur — 
inforatio coxae — pain occurs when the spongiosa is reached. 
This pain is not felt when the 1st and 2nd lumbar sympa- 
thetic ganglia have been blocked with procain. 

ZUSAMMENFASSUNG 

Wahrend der Bohrung im collum und caput femoris ent- 
stehen keine Schmerzen, wenn das 1. und 2. lumbale Sym- 
paticusganglion mittels Procain blokiert worden ist. Dagegen 
werden von der Spongiosa aus Schmerzen ausgelost wenn die 
Sympaticusblokade nicht vorgenommen wurde. 

RESUME 

Lorsqu’on perfore le col et la tete du femur (inforatio 
coxae), il n’est pas ressenti de douleurs si les ganglions sym- 
pathiques des l® re et 2 §me vertehres lombaires sont bloquees a 
la procaine; par contre les tissus spongieux declenchent des 
douleurs quand le sympathique n’a pas ete bloque. 
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PERMANENCY OF RESULTS OBTAINED BY 
SYMPATHETIC SURGERY IN THE TREATMENT 
OF PHANTOM PAIN 

BY 

K. E. KALLIO 

Ever since 1937, when Leriche stated that it is possible 
to cause phantom limb pain and often the entire phantom 
to disappear by sympathetic surgery, the method has been 
used with increasing interest. Information concerning late 
results obtained by this method of treatment is, however, 
remarkably scanty. 

The few reports which I have been able to find in the litera- 
ture are rather varied. So far as I can find, the largest follow- 
up so far published has been Wertheimer’s. It included twenty- 
seven cases. Stellate infiltration in 3 cases gave a negative 
result in one, improvement in one and cure in one. Two 
stellectomies gave good results; in one of these the result 
was good “even after half a year”. One stellectomy led to a 
thoracic sympathectomy, and the improvement was confirmed 
one and a half years later. Even after four years the result 
was fairly good in a case of peribrachial sympathectomy. Out 
of twelve cases of lumbar infiltration three gave negative 
results, seven improved slightly, and two led to a sympathec- 
tomy, with improvement of one. The results of perifemoral 
sympathectomy were good in two cases, even after 6-12 years. 
White had complete success in four out of eight cases, in 
which, it is true, the pain was localized in the stump, and in 
the remaining four the symptoms were alleviated, though 
only for a few months. In Sicard 1 s three cases the phantom 
pain recurred at latest a year after lumbar sympathectomy. 


25 Acta orthopaedica, vol. XIX, 3 
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but Leclerc had five good results from sympathectomy even 
after 4-10 years, and a “lasting success” in four cases treated 
by infiltration. However, he also had two negative results, 
even though the sympathetic operation was combined with 
resection of the peripheral nerve. Fontaine and Frank reported 
twelve cases of phantom pain which, with one exception, had 
been operated on by Leriche 8-20 years ago; in all of them 
the immediate results were good, but in eight the pains re- 
turned gradually. These writers consider that sympathectomy 
early after the amputation would give better results. 

Thus, the above survey shows only twenty-four cases 
(' Wertheimer , Leclerc, Sicard, Fontaine and Frank ) which 
have been followed for at least one year. This suggests that 
experience concerning the treatment of these conditions by 
sympathetic surgery is still far too limited to enable us to 
evaluate its practical importance. 

In order to throw some light on this matter, I have followed 
up 68 cases. A questionnaire was sent to all disabled soldiers 
who had been treated for phantom pain by sympathetic surgery 
in our hospital between one and four years previously. The 
series included fifteen cases which were reported three years 
ago, when the follow-up period was only two to four months 
( Ellonen ). In 65 cases the pain was located in the phantom 
limb, and in six of these it was felt simultaneously in the 
stump. In the remaining three cases the pain was felt only 
in the stump. In all cases where the upper limb was affected 
stellate infiltration was first attempted several times and 
sympathectomy was not performed if novocaine had no effect. 
In the beginning the same procedure was also used in cases 
where the lower limb was affected. In the upper limb cases, 
which were all operated upon by myself, a stellectomy of the 
classical type, with removal of the first thoracic ganglion, was 
performed, except in the first two operations, which were less 
radical. At lumbar sympathectomy usually the two lower 
lumbar ganglia were removed. 

There Vvere twenty upper limb cases; in fourteen the upper 
arm and in six the fore-arm was concerned. In thirteen the 
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treatment had no effect, not even temporarily. In one, the 
pain moved from the phantom limb to the stump. In four 
the relief of the phantom limb pain after sympathectomy 
lasted for only a few weeks, and in another case a good result 
after infiltration ended in recurrence after half a year. On 
the other hand, one patient reported three years after the 
operation that the phantom pain had continued to be milder, 
and one reports that he is still perfectly well. In this case a 
stellectomy had been done four years after the amputation. 
The pain as well as the phantom disappeared immediately 
after operation and are still absent after one and a half years. 
In this connection I should like to report another stellectomy 
with a successful result which I performed 6 months ago. 

There were seventeen cases of thigh amputation. 16 suffer- 
ed from phantom limb pain alone and one also from pain in 
the stump. Lumbar sympathectomy was done in fourteen 
cases. In six, of which three had only an infiltration, there 
was no improvement. In nine all pain, and in three also the 
whole phantom limb, disappeared after the operation, but the 
improvement lasted only 3-30 days. In some cases both the 
pain and the phantom disappeared for 18 months and then 
recurred in a still worse form. In two cases of phantom pain 
treated by sympathectomy the result was perfect three years 
and three months respectively after the operation: both pain 
and the phantom limb had disappeared, and this favourable 
result is still lasting after three years. 

There were thirty cases of pain following below-knee 
amputations. The pain was located in the phantom in twenty- 
six, in the stump in two, and in both the phantom and the 
stump in two. Lumbar sympathectomy was done in twenty. 
In ten the operation did not even give passing relief; on the 
contrary, it made the pain worse. Previously, attempts had 
been made to treat the persistent pain by removing the 
neuroma; in one case the removal of the neuroma was, as 
recommended by Fontaine, performed at the same time as the 
sympathectomy. In ten cases the pain disappeared and even 
the phantom limb disappeared completely in three, and parti- 


25 * 



394 


KALLIO 


ally in another three. Unfortunately the condition recurred in 
five cases within 6 months and in three cases after 1-2 years. 
Only two said that they were completely cured, but not more 
than a year had elapsed since the operation. In addition, there 
was one patient who recovered after two novocaine infiltra- 
tions: the pain disappeared completely and left behind the 
phantom limb. This result, so easily obtained, has lasted for 
four years. This was the only positive result in ten cases 
treated by infiltration. There was one case of foot amputa- 
tion, in which neither the pain in the stump nor that in the 
phantom foot improved after sympathectomy. 

Thus in the majority of cases (39 out of 68) sympathetic 
surgery did not cause even temporary relief, and in one case 
it even made the pain worse. Yet the surgeon who treated 
these cases had at first favourable impression of the results 
because in a large proportion of the cases (29 out of 68) the 
immediate results were quite good. An adequate follow-up, 
however, was disillusioning: the successes proved to be only 
temporary (21 out of 29) and in most cases lasted only a very 
short time, usually six months or less (16 out of 21). In five 
cases the pain was absent for l-2y 2 years. It is probable that 
even in the best cases of my series, i.e., where treatment re- 
sulted in complete cure, the end results will be less favourable 
than expected. Although in three of these patients the im- 
provement has been maintained for 3-4 years, the observation 
time of the others has been only 1-1 y 2 years. The fifteen cases 
of this series who were reported by Ellonen provide an ex- 
cellent illustration of how easy it is to overestimate the value 
of sympathetic surgery in treatment of phantom pain when 
the observation time is too short. Ellonen. stated after an 
observation time of 2-4 months that the pain had disappeared 
completely in seven and was relieved in two cases, but now 
only one of these patients is still satisfied with the result. 

The results did not seem to depend on the length of the 
interval between amputation and sympathetic surgery, as 
maintained by Fontaine and Frank. The operation was com- 
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pletely successful in four cases treated as late as 3-5 years 
after the loss of the limb, while on the other hand, it was 
quite ineffective in some cases treated only one month after 
the amputation. 

The sympathetic operations used may he discussed here. 
Though, in practice, stellectomy has been considered the me- 
thod of choice, the anatomy suggests that removal of the 
second and third thoracic ganglia (White) might have given 
more positive results. Likewise, it might have been advisable 
to include higher lumbar ganglia at lumbar sympathectomy. 
However, though the number of each positive results might 
have been increased, it is doubtful whether there would have 
been any improvement in the end results. Besides, there is a 
great deal of evidence that in these cases success does not 
generally depend on the extent of the sympathetic resection 
( Wertheimer , Leclerc, Fontaine and Frank). 

To sum up, I should like to say that, in the treatment of 
phantom limb pain, sympathetic surgery fails in a large pro- 
portion of cases to yield the desired result, and that in the 
numerous cases where the immediate result is favourable pain 
often recurs even as early as 1-4 years after the operation. 


SUM MARY 

The subject referred to in the title of this article has been 
little studied so far. The present writer followed up 68 cases, 
including 8 stellectomies, 34 lumbar sympathectomies, and 26 
infiltrations. In the majority of the cases (39) sympathetic 
surgery was found to have no effect, and in one case it made 
the pain worse. In 29 cases the immediate results were good, 
but after 1-4 years only 6 patients reported that they were 
completely cured, and one said that the pain was less severe 
than before. The writer finds that the value of sympathetic 
surgery in the treatment of phantom limb pain has been over- 
estimated. 
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RESUME 

Le sujet indique par le litre de cet article a ete tres peu 
etudie jusqu’ici. L’auteur a suivi 68 cas, comprenant 8 stellec- 
toinies. 34 sympathectomies lombaires et 26 infiltrations. Dans 
la majorite des cas (39) la chirurgie syinpathique n’a produit 
aucun effet et dans un cas les douleurs ont ete meme aggra- 
vees. Dans 29 cas les resultats immediats ont ete bons, mais 
au bout d’une duree variant entre 1 et 4 ans, 6 malades seule- 
ment ont ete signales comme entierement gueris et 1’un decla- 
rait que les douleurs etaient moins fortes qu’auparavant. 
L’auteur trouve que la valeur de la chirurgie sympathique 
dans le traitement du fantome douloureux a ete surestimee. 


ZUSAM MENFASSUNG 

Der Frage, die in dieser Arbeit untersucht wurde, ist bisher 
wenig Aufmerksamkeit geschenkt worden. Der Verfasser hat 
68 Falle nachuntersucht, die 8 Ganglion stellatum Exstirpar 
tionen, 34 lumbale Sympatektomien und 26 Sympatikus Infil- 
trationen umfassen. In der Mehrheit der Falle (39) war Sym- 
patikus Chirurgie wirlcungslos und in einem Fall nalimen die 
Schmerzen nach der Operation zu. In 29 Fallen war der un- 
mittelbare Erfolg gut, aber nach 1 — 4 Jahren erwiesen sich 
nur 6 Patienten als vollstandig geheilt, und ein Patient sagte, 
dass seine Schmerzen weniger ausgesprochen als vor der 
operation waren. Der Autor findet, dass der Wert der Sympa- 
tikus Chirurgie in der Beliandlung von Phantomschmerzen der 
Extremiteten iiberschatzt worden ist. 
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FROM THE ORTHOPAEDIC DEPARTMENT, oREBRO HOSPITAL. 
HEAD: DR.- HEDGE SJoYALL, M.D. 


TETANUS PROPHYLAXIS 
FOR ORTHOPAEDIC OPERATIONS 

BY 

I VAR BORG 

Most of the postoperative cases of tetanus described in the 
literature have followed: gynaecological operations, such as 
criminal and legal abortions, operations for salpingitis and 
hysterectomies; intestinal operations, such as appendicect- 
omies; and tooth extractions and other operations in the oral 
cavity and pharynx. A large number of single cases of tetanus 
have also been reported after almost every kind of operation. 
At the beginning of the twentieth century tetanus neonatorum 
was a common, and rightly feared, disease; in Hungary as 
many as 10,000 deaths from this disease have been reported 
during one year (1904). At one period “the eight days sick- 
ness” on the island of St. Kilda carried off two-thirds of all 
newborn infants. That the mortality was heavy is evident 
from the name, which indicates the short period of incuba- 
tion. This form of tetanus has now practically disappeared, 
and is scarcely ever seen in our hospitals. 

Orthopaedic operations may also he followed by tetanus, 
especially operations on the lower limbs, more particularly 
the feet. 

Salta (1924) reported three cases of tetanus occurring after operations 
on the foot. In the first two, tetanus followed resection of the calcaneus, 
and contamination of the skin was considered to he the jwobable source 
of infection. Strebel (1927) described a case which developed tetanus 
5 days after an aseptic operation for pes cavus, and died within 14 hours. 
He considered skin infection to be the cause, and prophylactic serum 
treatment was afterwards introduced at similar operations. Konigswicser 
(1929) published three cases of tetanus following aseptic operations on 
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the foot, occurring in a period of 5 years at the Orthophaedic Hospital of 
Vienna. Two of these followed arthrodesis of the ankle for sequelae of 
poliomyelitis. In both cases there was secondary infection, and tetanus 
developed on the 8th and 12th days, leading to death within 4 days and 
12 hours respectively. The third case developed tetanus on the 6th day 
after an operation for talipes cavus by Spitzy’s technique, and died 
within 24 hours. Autopsy showed “discoloration of the wound”, which 
otherwise had a normal appearance. As these cases were published, 
efforts to perfect asepsis were increased: sterile plaster, no insertion of 
osteosynthetic material direct through the plantar surface, a separate 
knife for skin incisions, and, finally, prophylactic serum treatment were 
introduced for all bigger foot operations, especially those in which the 
incision was made on the plantar surface. Edclman (1931) reported a 
case of tetanus 10 days after the application of a calcaneus extension 
for fractured leg. Since then, he has used serum prophylaxis with all foot 
operations or foot tractions, and considers this well advised, in spite of 
complications of scrum treatment. Karl Schnaberth (1941) described two 
cases of tetanus in the Orthopaedic Hospital of Vienna. In one, tetanus 
developed on the 12th day after a Chopart’s amputation for deformity 
from a traumatic paresis; 6 days later the patient had recovered. In 
this case the splint had also caused a bad pressure sore on the foot, 
whose skin was susceptible as a result of the nerve injury. The second 
case followed a club-foot operation on a foot with pronounced cavus 
formation from the use of an orthopaedic splint. Secondary infection 
arose, and on the 12th day tetanus developed. The patient recovered. 
Schnaberth stresses the importance of changes in the skin caused by 
splints in these cases. Gordh (1945) described a fatal case of tetanus 
developing 5 days after an operation for hallux valgus on a patient with 
a coarse and rough skin. Other cases of tetanus after aseptic surgical 
measures on the foot are reported. Mauclaire (1932) had 3 cases of 
tetanus after operations for club-foot, Kaufman (1932) a similar case, 
Waterman (1933) a case after operation for talipes cavus, and Clarenz 
(1935) 2 cases following operations on the foot. 

Probably some of the cases published in the literature as “Spiitte- 
tanus” can be explained on the same basis. By “Spattetanus” is meant 
the development of tetanus from material which was introduced at an 
earlier injury but remained latent and was able to develop in the 
favourable conditions after a later operation. Lange (1942) describes 
as “Spattetanus” one case which exhibits a certain amount of parallelism 
with those described above. The patient received at the same time as a 
foot injury with fracture-luxation, also a “small wound” over the medial 
malleolus which healed without complication. After a later operation to 
correct the deformity, tetanus developed on the 16th day; splitting the 
plaster revealed a reddened, partly moist area in the field of operation. 
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The patient wss discharged healthy. It would seem most probable that 
the infection Lad arisen at the operation, and that only in the favourable 
soil afforded iliem later on were the bacteria able to emit their toxin. 
The “small wound” connected with the primary injury need not be 
invoked as the port of entry, and the term “Spattetanus” does not appear 
to be appropriate in this case. 


At the Orthopaedic Department of the Central Hospital, 
orebro, we have recently had a case of tetanus following a 
foot operation: 

A 52-year old workshop turner, Jnl. No. 48/48; A subtalus arthrodesis 
was made on his right foot for pes varus paralyticus post poliomyeli- 
tidem. After the operation a foot plaster was applied. During the next 
few days penicillin was given prophvlactically, and the patient w r as al- 
lowed up on the 8th day, and to leave the hospital 11 days after the 
operation without signs of infection. 

23 days after the operation the patient had cramp in his neck and 
difficulty in opening his mouth. These increased, and after 3 days he had 
to stay in bed. On the 4th day he was sent in to the hospital with the 
diagnosis of tetanus. After discharge he had not had any accident, and 
had not injured himself, been bitten, or had any wounds or sores. On 
admission, 27 days after operation, he complained of pain in the nape 
of his neck so that he could hardly move his head. He could only open 
his mouth to give 1 cm between his front teeth, and then there was a 
painful spasm of the masseters. 

When the plaster was split, necrosis of the wound, such as is often 
seen after these operations, was found; the wound was re-excised. Later, 
opisthotonus and contraction of the abdominal muscles developed. He 
was treated with large serum doses, sedatives, and penicillin and, with- 
out any definite spasms, the condition gradually subsided, and on the 
17th day he was discharged free from tetanus. The only complication 
was a moderate serum urticaria, which appeared on the 9th day after 
admission, and quickly vanished under treatment with calcium, ephedrine 
and Antasthen. 

There was no reason to suspect defective sterility of the 
surgical instruments, catgut, towels or bandages, as neither 
before nor since has any other case of postoperative tetanus 
occurred in this theatre, which has been used by the surgeons 
of the hospital for many years. 

Most probably the wound was infected by tetanus bacteria 
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or spores on, or in, the skin,- these can never he entirely eli- 
minated by skin-disinfecting measures. Tetanus spores may 
remain in sweat and sebaceous glands, and in fissures, parti- 
cularly those present in thick skin, they may “heal into” the 
horny layer and remain latent for a long time. The skin on 
the sole of the foot is often a half centimetre or more thick, 
and frequently cracks, especially if there is a deformity of the 
foot and cutaneous changes have developed from mechanical 
conditions such as pressure from shoes or splints. In these 
cases it is impossible to enure perfect sterility of the skin. In 
addition, the lower limbs, and particularly the feet, are also 
most exposed to contamination. 


Case histories from the literature show that tetanus is more common 
after wounds on the feet and legs than after wounds on other parts of 
the body. Vinnard states that of 269 cases of traumatic tetanus, 205 were 
caused by injuries of the lower limbs, v. Bakay and v. Klimko attribute 
76 % of the cases to lesions on the lower extremities, and 71 % of 
these to wounds confined to the feet. The predominance of the foot as 
infective focus is still more notable when it is recalled that the feet 
(and toes) constitute only 3,6 % of the whole body. 

In our case, both the long time between the operation and 
the tetanus, 23 days, and the benign course favour the view 
that the tetanus bacteria or spores from the skin had been 
deposited in the wound at the operation and that they were 
only able to develop gradually when the necrotic tissue and 
secondary infection were established. Certainly, a later con- 
tamination should have produced a more serious form of the 
disease. 

A further factor of importance in the occurrence of tetanus 
in our case is that skin-necroses and secondary infections in 
the field of operation frequently occur after subtalar arthro- 
desis, and, as a result, conditions are often favourable to the 
development of anaerobic bacteria. In addition, relatively short 
decubitus is part of the treatment, and tetanus material can 
enter secondarily through the plaster dressing which is opened 
in front when the patients are about on their feet. 
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The cases of postoperative tetanus described in the literature often 
had a very severe course, with a short latent period and high mortality, 
as has h.-c-n shown by the case histories already described. The average 
mortality for all tetanus cases ranges from 45 to 70 % in the larger series, 
though it was lower — 30 % — in recent smaller series. Among Vinnard’s 
352 cases of tetanus, 11 followed surgery. The operations were: 5 tooth 
extractions, an appendicectomy, a herniotomy, a hysterectomy, a jaw 
operation, a ganglion operation and a subcutaneous injection. 6 of the 
patients died. Bunch and Quattlebaum reported 8 cases, 6 following 
gynecological operations, with 7 deaths. Schmid reports 9 cases following 
intestinal operations, with 9 deaths; 25 following gynecological operations, 
with 17 deaths; 11 following hydrocele-hernia operations, with 8 deaths. 
This high mortality may have been due to a more massive infection, 
or to the patients’ lowered resistance due either to the primary disease 
or to the operation, and also to the difficulty' of diagnosing mild cases. 
It is not possible to obtain a true figure for the frequency of tetanus 
following operation in modern hospitals, since milder cases will often 
escape diagnosis. When tetanus appears late, its symptoms are usually 
slight, and are probably not always recorded. Further, the surgeon’s 
disinclination to report its occurrence may' also make it difficult to 
assess the frequency. However, tetanus is probably not a common com- 
plication of operation, though when it occurs it is an extremely un- 
pleasant one. 

The present case stresses the need to try in every way to 
avoid tetanus as a postoperative complication. It is impossible 
to set up rules for the general preoperative prophylaxis of te- 
tanus, hut within orthopaedics there is a group of patients, 
represented by our own case, which is well suited to such 
treatment. Corrective treatment of deformities of the feet and 
legs (either for deformities or posttraumatic conditions) fre- 
quently cause more or less extensive skin necroses, with se- 
condary infections which have developed during prolonged 
plastei treatment, and afford favourable conditions for the 
tetanus bacteria introduced into the operation wound from the 
skin to exercise their toxic action. These typical chronic cases 
have the advantage that they need not be operated immediately, 
so that the tetanus prophylaxis which is most effective and has 
fewest complications, viz. immunisation with tetanus anatoxin, 
can be given pre-operatively. The papers quoted above show 
that, in the past, orthopaedic surgeons have not withheld serum 
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treatment from cases requiring operations on the feet, in spite 
of its great disadvantages (inadequacy, serum sickness and 
anaphylaxis, with, not rarely, death). Now that a vaccine is 
available there is still less reason for withholding tetanus 
prophylaxis. Experience has shown that vaccine gives a safe 
and very effective prophylaxis. 

At the Orthopaedic Department in orebro we now give 
tetanus vaccine to those of our patients who have operations 
on the feet or legs. At their first visit they receive 1 ml. of 
vaccine, after 4 weeks 2 ml., and after 8 days another 2 ml., 
and we consider that these precautions give a satisfactory 
degree of increased safety. 

S U M M A R Y 

A case of tetanus following an operation on the foot is 
reported, and routine prophylactic vaccination before opera- 
tions on the lower limbs, particularly the feet, is recommended. 


RESUME 

II est rapporte un cas tetanos dans le pied, suivi d’une 
operation. La vaccination prophylactique ordinaire de F extre- 
mity inferieure et particulierement du pied est recommandee 
avant Foperation. 


ZUSAMMENFASSUNG 

Ein fall von Tetanus im Gefolge einer Operation am Fusse 
wird berichtet und rutinemsessige prophylaktische Vakzination 
vor Operationen an den unteren Extremiteten, besonders an 
den Fiissen, wird empfohlen. 
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FROM THE ORTHOPAEDIC HOSPITAL OF THE INVALID 
FOUNDATION, HELSINGFORS. CHIEF: PROFESSOR F. LAN GEN SKI OLD 


ACTIVE TENODESIS, AN ATTEMPT TO 
CORRECT PARALYTIC DROP-FOOT WHILE 
PRESERVING THE MOBILITY 

BY 

L. E. LAURENT 

The treatment of paralytic drop-foot varies according to 
the extent of the paralysis. 

1. All muscles of the foot and lower leg are paralysed. 

Various stabilizing operations have been suggested : astrag- 
alectomy, tendon fixation ( Gallie ), panastragalar arthrodesis, 
posterior bone-block, and wedge subastragalar arthrodesis 
{Lambrinudi) . Appliances may be used for children too young 
for arthrodesis, and for patients unwilling to have an opera- 
tion. 

2. Three or two muscles have good power. 

When there are three strong muscles, one of them is trans- 
planted to the calcaneus, and one to each side of the foot; this 
is often combined with subastragalar arthrodesis. When there 
are two good muscles, one of them is transplanted to the 
calcaneus and one to the middle of the dorsum pedis and 
subastragalar arthrodesis is necessary. 

3. Only one muscle is active, usually the triceps surae. 

Either an appliance or one of the operations used for total 
paralysis may be chosen. Panastragalar arthrodesis is not 
suitable. Good results may he obtained by a subastragalar 
arthrodesis combined with posterior arthrorisis, or by a Lam- 
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brinudi subastragalar arthrodesis, but these methods consider- 
ably reduce both active and passive flexion and, for instance, 
the use of an ordinary riding-boot is prevented. In order to 
preserve this valuable mobility, a method, which is termed 
active tenodesis, has been tried at the Orthopaedic Hospital 
of the Invalid Foundation at Helsingfors. It aims to preserve 
passive movement at the ankle joint and to enable the patient 
to keep the foot in a neutral position by the active contraction 
of the triceps surae. 

Method: Through anterior and lateral incisions the tendons of the 
paralysed tibialis anterior and peroneus brevis are divided where they 
join the muscular tissue. Through a small incision at its distal insertion 
the peroneal tendon is pulled out and passed up via the lateral tendon 
sheath of the extensor digit, comm, to the anterior incision. If the 
tendon of peroneus brevis is too weak or too short, that of the peroneus 
longus can be used, attached by a silk suture to the distal insertion of the 
peroneus brevis. A hole is cut in the interosseous membrane, and both 
the tendons are passed through it to the lateral incision, where with 
the foot in maximum dorsiflexion, the tendons are passed through the 
tendo Achilles and attached to it with silk suture. The tendo Achilles 
should he lengthened, if it is contracted. In some cases the tendon 
fixation has been combined with ordinary subastragalar arthrodesis. 


In 1902, Vulpius described a method in which the active 
tendo Achilles was split into three parts. One lateral part was 
joined to the tendon of the tibialis anterior, and the other to 
the tendons of peroneus longus and brevis. Vulpius expected 
the different parts to function separately, but this did not 
happen, and the procedure was ineffective. 

Haglund, in 1913, described a method of tendon fixation in 
paralytic drop-foot, which he termed “activated tenodesis”. He 
attached the tendons of the paralysed tibialis anterior and ext. 
dig. communis to the tibia. If there was some contractile muscle 
present, the tendons were divided above the suture, and the 
proximal and distal ends of the tendons were joined distal to 
the tenodesis. By this means he hoped to he able to utilize any 
existing muscle power. However, if a muscle retains part of 
its contractile power, it should be possible to utilize it in other 
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ways than by this kind of tenodesis, whose effect is small if 
there is severe paralysis. 

The active tenodesis, which has been tried at the Invalid 
Foundation has not, I believe, been described before in the 
literature. 

Failures must he expected, as the tendons may become 
attached to the interosseous membrane or to the bone; the 
tendons may stretch on one or both sides; or the tendon 
suture may break. 

6 patients have been treated by this method and have been observed 
for from one to three years. In 3 the tendon fixation was combined with 
subastragalar arthrodesis. 5 had had infantile paralysis, and 1 a myelitis 
of unknown etiology which had caused paralysis of all the long muscles 
of the foot, excepting the triceps surae. The operation has also been done 
on 5 further patients, but the time of observation is less than one year. 

Of the 3 cases treated by tenodesis alone, 1 showed a good result. 
At follow-up examination there was almost full passive dorsal and 
plantar flexion of the foot. Contraction of the triceps surae pulled the 
foot into slight plantar flexion, regardless of its initial position. In the 
other two patients the equinus position was increased, and there was a 
tendency to varus position due to stretching of the transplanted tendons. 
These relapses were corrected by shortening the tendons. A small incision 
was made on the dorsum of the foot under local anaesthesia. By shorten- 
ing one tendon more than the other, any varus or valgus position of the 
foot can he corrected. Of the 3 cases in which tenodesis was combined 
with subastragalar arthrodesis, 2 showed a satisfactory shape and posi- 
tion of the foot at the follow-up examination. Passive dorsal flexion was 
full; there was active plantar flexion to about 120°; and a little more 
passive plantar flexion. There was, however, no active dorsal flexion by 
the triceps surae. Probably the transplanted tendons had become adherent 
to the interosseous membrane. The third case had a less good result; it 
had relapsed due to stretching of the tendons. 

Thus, this method may give satisfactory results, but it is 
not reliable. Tenodesis alone does not prevent other operations 
being performed later, and this is one of the advantages of 
the method. When it is combined with subastragalar arthrode- 
sis, stability of the subtalar joint is obtained. However, arthro- 
desis requires a long period of immobility and there is a great 
risk that the transplanted tendons will become adherent to the 
interosseous membrane or to the bone with loss of the active 
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function. For children, whose splints have to be renewed fre- 
quently and in whom the active muscle should be used to 
prevent atrophy, the method is suitable until they are old 
enough for arthrodesis. Should tenodesis prove unsatisfactory, 
another stabilizing operation may be done later. A Lambrinudi 
arthrodesis, or posterior arthrorisis may be performed first, 
and. if the result is unsatisfactory, panastragalar arthrodesis 
later. Several surgeons have obtained good I'esults with arthro- 
risis ( Campbell , Wagner, Gill). It is, however, difficult to 
perform and uncertain in its results and it may cause pain 
through irritation of the talocrural joint. Lambrinudi ’ s ope- 
ration is simpler, and, according to Fitzgerald and Seddon, the 
results are good, but are not always satisfactory, as instability 
of the talocrural joint develops later in some cases. The two 
methods mentioned above do not prevent recurrences due to 
stretching of the ligaments of the anterior joints of the foot 
(Lisfranc’ joint and the cuneonavicular joint) and consequent 
recurrence of the equinus position of the anterior part of the 
foot. Active tenodesis prevents these recurrences as the tendon 
of the tibialis anterior is inserted into the first cuneiform and 
base of the first metatarsal, and that of the peroneus brevis 
into the base of the fifth metatarsal. 

SUM51AR Y 

The author describes a method, which he calls active teno- 
desis, for treating paralytic drop-foot. The operation aims to 
prevent the drop-foot while preserving the movement at the 
talocrural joint. The tendons of the paralysed tibialis anterior 
and of one of the paralysed peronei are utilized. They are 
divided where they join the muscular tissue: the peroneus 
tendon is pulled out near its insertion and passed through to 
the anterior side of the ankle. Both tendons are now passed 
through an opening in the interosseous membrane and sutured 
to the active tendo Achilles. The method may give satisfactory 
results hut it is not reliable. The various treatments of paralytic 
drop-foot are discussed. 
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RESUME 

L’auteur decrit une methode qu’il apelle tenodese active 
pour le traitement du “drop-foot” paralytique. L’ operation tend 
a empecher le “drop-foot” en maintenant la mobilite de l’articu- 
lation talocrurale. Les tendons du tibial anterieur et de 1’un des 
peroniers sont utilises. Ils sont divises a 1’endroit ou ils rejoig- 
nent le tissu musculaire: le tendon du peronier est sorti a 
proximite de son insertion et passe a travers sur le cote ante- 
rieur de la cheville. Les deux tendons sont passes a travers une 
ouverture dans la membrane interosseuse et sutures au tendon 
d’Achille actif. Cette methode donne des resultats satisfaisants 
mais n’est pas absolument sure. Les divers traitements du 
“drop-foot” paralytique sont discutes. 


ZUSAMMENFASSUNG 

Der Verfasser beschreibt eine Methode, die er als aktive 
Tenodese bezeichnet, und in der Behandlung des Lahmungs- 
spitzfusses verwendet. Die Operation hat zur Aufgabe den 
Spitzfuss einerseits zu verhindern, andrerseits aber die Bewege- 
lichkeit im Talocruralgelenk zu bewahren. Zur Venvendung 
gelangen die Sehnen des gelahmten tibialis anterior und eine 
der Peronaussehnen. Diese werden am ubergange zuin Muskel- 
fleische durchtrennt. Die Peronaussehne wird nahe ihrer In- 
sertion herausgezogen und zur Vorderseite des Knochels tun- 
neliert. Beide Sehnen werden dann durch eine offung in der 
interosseus Membran gezogen und an die aktive Acbillessebnc 
genaht. Die Methode kann zufriedenstellende Resultate geben, 
aber sie ist nicht sicher. Die verschiedenen Behandlungsmetbo- 
den des paralytischen Spitzfusses werden besprochen. 

REFERENCES 

Branch, H. E.: Drop-foot. J. Bone & Joint Surg. 1939:37:141. 

Campbell, W. C.: Bone-Block. Operation for Drop-Foot. Analysis of 
Endresults. . J. Bone & Joint Surg. 1930:12:317. 

Cleveland, M. in Bancroft and Murray: Surgical Treatment of the Motor- 
Skeletal System. Philadelphia 1945. 


26 - 



410 


L. E. LAURENT 


Crego, C. H. and McCaroll, H. H.: Recurrent Deformities in Stabilized 
Paralytic Feet. J. Bone & Joint Surg. 1938:36:609. 

Fitzgerald, F. P. and Seddon, II. J.: Lambrinudis Operation for Drop-Foot. 
13. J. Surg. 1937:98:283. 

Gallic, IF. E.:. Tendon fixation in Infantile Paralysis. Am. J. Orthop. 
1916:14:18. 

Haglund, P.: Barnforlamningsfoljderna oeh deras behandling. Stockholm 
1913. 

Hallgrimsson, S.: Studies of Reconstructive and Stabilizing Operations on 
Skeleton of the Foot. Act Chir. Scand. 1943 :88 :Suppl. 78. 
Lambrinudi, C.: New Operation on Drop-Foot. B.J. Surg. 1927:15:193. 
Peabody, C. TV.; Tendon Transposition. J. Bone & Joint Surg. 1938:20:193. 
Sieindler, A.: Orthopaedic Operations. Springfield 1946. 

Vulpius, 0 Die Sehneniiberpflanzung und ihre Verwendbarkeit in der 
Behandlung der Lahmungen. Leipzig 1902. 

Wagner, L. C.: Ankle Block for Paralytic Drop-Foot. Endresults. Ann. 
Surg. 1935:101:1091. 



FROM THE ORTHOPAEDIC DEPARTMENT OF ST. GORAN’S HOSPI- 
TAL, STOCKHOLM. CHIEF: DOCENT S. ORELL 


A CASE OF SYNOSTOSIS IN THE DISTAL 
RADIO-ULNAR JOINT 

HY 

MAC FELLXNDER 

Union of the two bones of the forearm is a recognized 
congenital deformity, but it is rare. According to some 200 
published cases the synostosis occurs invariably at the proxi- 
mal radio-ulnar joint, though in a few cases the distal joint 
may also be affected, but usually in these cases the bones 
are also generally malformed. Jemma says that he could not 
find any case in the literature in which only the distal joint 
was involved, but he himself described a case in which the 
whole arm was deformed and shortened by union of the ulna 
and radius above the wrist. Synostosis may also occur after 
an arthritis which has led to ankylosis and gradual formation 
of a bone bridge. In infections of the joints, ankylosis general- 
ly includes both the radio-ulnar joints and the adjacent joints 
of the elbow or wrist. 

In the case described here there was synostosis of the distal 
radio-ulnar joint, without any other change or deformity of 
the bones of the limb. I have been unable to find any similar 
case in the literature. 


The patient is a female professional pianist, aged 38, who, in February 
1948, sought advice for inability to rotate the left forearm. The hand 
was held in mid-position between pronation and supination and there 
was no rotation. Movements of the wrist and fingers on the other hand 
were quite normal. Radiography showed synostosis at the distal radio- 
ulnar joint (Fig. 1) ; the proximal joint was normal. At first sight the pic- 
ture suggests a congenital synostosis. The outlines are regular and there is 
no evidence of an earlier pathological process. The history, however, 
excludes a congenital origin. The patient states definitely that she had 
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Fig. I . 

Radiograph before and after operation. 


previously been able to rotate the forearm, particularly when playing 
the piano. The limitation developed in 1935, i.e. 12 years earlier, after 
a high fever with acute onset accompanied by severe tenderness, swelling 
and a bluish-red discoloration of the left wrist. At the same time she 
had milder pains in the other joints. The high fever lasted for 10 days 
and was followed by mild fever for about 10 weeks. After immobilization 
the wrist became stiff. Subsequent x-ray treatment gradually improved 
the movements, but without any improvement in rotation. These reports 
were obtained from a hospital for rheumatism, to which the patient 
was admitted one year after the acute onset. The diagnosis there was 
polyarthritis rheumatica chronica. The joint involvement was then re- 
ported to be mild, but the S. R. varied between 40 and 60 mm. There was 
no rotation of the left forearm, and radiography showed synostosis of 
the distal radio-ulnar joint. Re-examination of the pictures showed that 
the bony connection was then less compact than now. 

'With regard to the pathogenesis, it would seem improbable that poly- 
arthritis can produce ankylosis of this joint with retention of normal 
movement in the wrist. I’ayr writes, in his book “Gelenksteifen und 
Gelenkplaslik”, that the radio-ulnar joint with its loose capsule, its 
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unique structure, and its. independence from the radio-carpal joint, is 
rarely the site of ankylosis, and that when it does ankvlose the radio- 
carpal joint is also involved. Further, polyarthritis is unlikely to give 
rise to ankylosis in so short a time. The description of the illness sug- 
gests that the condition was septic or, more exactly, a septic metastatic 
focus, which might conceivably have healed with resultant honv ankylosis 
in a relatively short time. Gonorrheal arthritis has a strong tendency 
to ankylosis, but it probably never occurs alone in this small joint. On 
the whole, it is remarkable that a serious infection could be confined 
to the radio-ulnar joint, Avhich is so intimately connected with the radio- 
carpal joint. However, they are separated hv the discus articularis, a 
triangular ligament with its base attached to the radius and its apex 
to the processus styloidei ulnae. According to text-books of anatomy 
there is sometimes a narrow fissure in the disc near its attachment to 
the radius connecting the two joints, hut this connection is not general. 
Patrick studied the radio-ulnar joint by arthrography and found that 
the contrast medium only entered the radio-carpal joint in cases with 
fractures in this region, and in these cases the disc had been torn. 

In discussing the treatment of radio-ulnar synostosis one should 
perhaps caution against intervention, in patients in most occupations. 
As already described above, the position of the hand between pronation 
and supination was satisfactory. This case, however, was a pianist, who 
intended to train further as a professional. She compensated the loss of 
rotation by rotation and abduction at the shoulder-joint; this enabled 
her to get her fingers down onto the keys, hut it was a tiring and ugly 
position. Arthroplasty of this small joint must he considered to he 
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hopeless. For painful and limited rotation after fractures of the radius, 
resection of the distal part of the ulna may give good results, and this 
was the method we used in this case. The operation offered no technical 
difficulties. The bone was excised and the synostosis was chiselled 
through without opening the wrist. The disc and capitulum ulnae were 
quite adherent. Normally, a small cartilage-covered area is found, i.e. 
a joint where the disc glides transversely on the capitulum during pro- 
nation and supination. Adhesions preventing these movements may 
also occur after fractures. Local anaesthesia was administered, and 
after resection the arm could he passively pronated and supinated to 
the fullest extent. Movements, first passive, later active, were begun 
on the day after operation. The movements of the fingers and wrists 
soon became normal, and on the 15th day the patient was able to resume 
her piano-playing. The power of pronation and supination improved 
rapidly, although this movement had been lost for 12 years. 

The patient was re-examined C months after the operation; she was 
quite recovered, and was able to carry on her profession without dis- 
ability. The movements of the wrist and fingers, and supination were 
normal; pronation was slightly limited. The cosmetic result was also 
excellent. The ulnar defect was scarcely noticeable (Fig. 2). 


SUMMAR Y 

A case with isolated synostosis of the distal radio-ulnar 
joint, probably caused by a septic metastatic focus is described. 
It was successfully treated by resection of the distal end of 
the ulna. 


RESUME 

Description d’un cas avec synostose isolee de l’articulation 
i adio-ulnaire distale, probablement causee par un foyer 
metastatique. Ce cas est traite avec succes par la resection 
de 1’extremite distale du cubitus. 

ZUSAMMENFASSUNG 

Em Fall von isolierter Synostose des distalen radioulnar 
Gelenkes, wahrscheinlich herforgerufen durch einen septisch- 
metastatischen Herd, wird beschrieben. Sie wurde mittels 
Resektion des distalen Endes der Ulna erfolgreich behandelt. 
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FROM MARTINA HANSEN’S HOSPITAL, SANDV1KA PR. OSLO 
CHIEF: DR. JOHN K. HALD 


A SIMPLE AND CLEANLY METHOD FOR 
IMMOBILIZING THE WRIST 

BY 

I VAR ALVIK 


An ordinary plaster-of-Paris cast is quite suitable for 
prolonged immobilization of the wrist, provided the patient 
is not allowed to work with his hand. With most injuries 
requiring such immobilization, however, it is usually necessary 
to allow for some movements of the hand, for ordinary work. 
The distal end of the plaster is therefore very liable to he 
damaged, softened and soiled, and if it has to support the 
palm for a considerable time, it needs to be so thick that 
flexion of the fingers is difficult. Further, abscesses and 
sinuses of the hand or wrist may require openings or 
“windows” in the plaster which not only weaken it, hut also 
make it difficult to keep either the plaster or the skin round 
the wound clean and the risk of secondary infection is in- 
creased. 

In such cases a plaster-of-Paris cast may be replaced by 
special removable splints, which are expensive. 

A simple and cheap splint, which serves the same purpose, 
is shown in figs. 1-3. The materials needed are a stiff iron 
rod 5-6 mm in circumference, a rubber tube, a plaster-of-Paris 
bandage, and a couple of forceps for bending and moulding 
the rod, which must be as stiff and inelastic as possible in 
order to prevent the splint from bending or breaking. One 
end of the rod is bent to form a stirrup a little larger than 
the transverse section of the hand just distal to the middle 
of the four ulnar metacarpal bones, and its shape is adapted 
to- that of the hand at this level, with due reference to the 
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Fig. 3. 


palmar curve. The rest oi' the rod lies over the dorsum of 
the hand and the lower forearm, and is moulded so that the 
hand is held in slight dorsi-flexion. Before closing the stirrup 
the rubber tube is drawn over the iron rod to a point a little 
above the wrist, just high enough to he included in the plaster 
bandage. The stirrup is now closed as far as possible and is 
moulded exactly to the hand so as to immobilise it without 
exerting too great pressure on it. A thin tongue of plaster-of- 
Paris is inserted between the skin and the rod above tbe 
wrist, and a similar tongue is secured outside it. The plaster- 
of-Paris is then applied outside the rod so as to hold the 
wrist, and is moulded carefully round the distal parts of 
idna and radius so that it cannot slip down : there arc also 
several indentations on the upper part of the rod to prevent 
the plaster slipping. With this arrangement it is possible to 
wash and attend to the whole of the hand distal to the plaster- 
of-Paris, and sinuses and abscesses can be dressed. The wrist 
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is immobilized but complete freedom of movement of all the 
fingers and the first metacarpal is retained. This is a matter 
of gieat importance to the function of the hand. As the splint 
is not so thick over the palm as an ordinary plaster-of-Paris 
cast, maximum flexion of the four ulnar fingers is also as- 
sured. This splint cannot be used if the first metacarpal must 
also be immobilized. 


RESUME 

1/ auteur parle d’une simple petite eclisse pour reinplacer 
le bandage ordinaire de platre du poignet. L’eclisse peut etre 
mise en place par l’operateur et consiste en un gros fil de fer 
recouvert d’un epais tuyau de caoutchouc platre dans un 
bandage qui ne va que jusqu’au poignet. La main et le poignet 
etant degages peuvent etre laves et les plaies eventuelles ou 
les fistules soignees comme d’ordinaire. 

ZUS AMAIENFASSUNG 

Der Yerfasser empfiehlt eine einfache, reinliche Hand^ 
gelenksschiene zum Gebrauch anstatt der iiblichen Gibs- 
bandage. Die Schiene kann worn Operateur angefertigt werden 
und besteht aus einem dicken Stahldraht bekleidet mit einem 
dicken Gummirohr, das in die Gibsbandage, die nur bis zum 
Iiandgelenk reicht, eingegipst wird. Die Hand und Hand- 
gelenks region kann auf diese Weise reingehalten werden und 
eventuelle Fisteln oder Wunden konnen in der gewohnlichen 
Weise behandelt werden. 



FROM THE WENNER-GREN INSTITUTE FOR EXPERIMENTAL 
BIOLOGY, UNIVERSITY OF STOCKHOLM. 

CHIEF: PROF. JOHN RUNNSTRoM 


STUDIES IN OSTEOGENESIS 

BY 

H. WILLESTAEDT, G. LEVANDER and L. HULT 


Levander showed that when cell-free alcoholic extracts 
of hone are injected into rabbits’ muscles, cartilage and bone 
• form at the site of the injection. This finding has since been 
confirmed by Annersien, Bertelsen , and Lacroix. As extracting 
agents, Levander used both ordinary and acidified alcohol. 
Annersten, who extracted mainly with acidified alcohol, was 
able to show that the active factor could he transferred from 
alcohol to ether, benzene and oil. He used mostly homozoic 
material (rabbit), hut also obtained positive results in some 
series with heterozoic material (calf-rabbit). Bertelsen tried 
extracts of each of the various layers of bone— periosteum, hard 
hone, epiphyses and marrow — and found osteogenic activity in 
all: the extracts from bone marrow gave the best results. 
Annersten believed that the active factor belonged to the 
lipoid or sterol groups, in view of its solubility in benzene 
and oil. Bertelsen disagreed. Finally, Blum observed bone 
formation in rabbit muscle “in a few cases” after the injection 
of extracts prepared by Robinson’s method for the preparation 
of phosphatase. 

Levander found no cartilage or bone formation in 80 con- 
trol tests in which he had used injections of pure alcohol and 
of extracts of connective tissue or muscle. Annersien found 
cartilage formation in 4 out of 102 control tests. Statistical 
treatment of his material shows, however, that “die mit 
Knochenexlrakt erlialtenen positiven Resultate mussen einem 
in diesem extrakt vorhandenen Faktor zugeschrieben werden, 


27 Acta orthopaedica, vol. XIX, 4 
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der in den Kontroll-experimente fehit”. Bertelsen found 1 
positive result in 41 control tests. Blum s control tests vs ere 
all negative. 


OUR OWN TESTS 

Our first tests confirmed Annersten ’ s observation that the 
active principle in homozoic extracts can he transferred from 
alcohol to benzene and ether. As it was essential, from the 
point of view of obtaining material, to use heterozoic material, 
we injected extracts of calf bone marrow into rabbit’s muscles. 
These heterozoic injections proved as effective as the homo- 
zoic. We therefore preferred to work with heterozoic material 
(calf-rabbit). Since it seemed that it was possible to tranfer 
the active factor between a number of soluble agents, we made 
an investigation to discover whether the activity could be 
collected quantitatively in a particular fraction. 


EXPERIMENTAL METHODS AND ASSESSMENT 
OF THE RESULTS 

We used the original method, injecting the extracts into 
the rectus femoris muscle of rabbits. The connective tissue 
membrane, which surrounds the rectus femoris like a capsule, 
is probably of importance in retaining the injected fluid and 
in preventing its too rapid diffusion into the neighbouring 
tissues. 

The extract was injected on 4 successive days according 
to the following schedule: 

1st day: 1 ml. extract mixed with 1 ml. physiological saline 

2nd day: 1 ml. extract mixed with 1 ml. physiological saline 

3rd day: y 2 ml. extract mixed with y 2 ml. physiological saline 

4th day: y 2 ml. extract mixed with y 2 ml. physiological saline 

If the extract for injection was dissolved in oil or water 
we began with an alcohol injection: 
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1st day: 2 ml. of 40 % alcohol 

2nd day: 1 ml. extract 

3rd day: 1 ml. „ 

4th day: 1 ml. „ 

The extracts were prepared so that 1 ml. was equivalent 
to 0.5 gm. of bone marrow. 

Usually, each extract was tested on 10 rabbits and was 
injected into both thighs of each animal. Thus, each series 
of 10 rabbits contained a maximum of 20 specimens. After 
the last injection we usually waited between 2 and 3 weeks 
before taking the specimen. The animal was then killed; the 
rectus femoris muscle was removed and fixed immediately 
in formalin, and the usual histological preparations were 
made, the sections being cut longitudinally. Under “number 
of specimens” are counted only those which showed the pos- 
sibility of bone formation i.e. an ossifiable environment in the 
form of a definite granulation tissue with its abundant vessel 
and mesenchymal formation. A “positive” specimen is one 
showing definite cartilage or bone formation. The figures in 
brackets after the percentage of positive specimens in each 
series show the number of specimens with definite reactive 
granulation tissue, and the number with bone or cartilage 
formation. Since some animals die during the observation 
period, and others show no mesenchymal reaction in the 
muscle, the number of specimens in each series may be less 
than the original 20. 

Thus, a result expressed as 50 % (14:7) means that out 
of the original 20 specimens 14 showed reactive tissue, and 
of these 7 showed cartilage or bone formation. 

I. EXTRACTION WITH ACIDIFIED ALCOHOL 

Test 1. Preparation: Calf bone marrow 
95 % alcohol 

Acidified alcohol (1,000 ml. 95 % alcohol -j- 
50 ml. N/10 HC1) 

Benzene 


27 * 
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Method: 70 gm. marrow was homogenized in a mortar, and then shaken 
in a bottle with 210 ml. alcohol for 18 hours. After centrifuging a clear 
supernatant fluid was obtained. This was decanted and concentrated by 
evaporation in a water hath to 25 ml., when a clear pale yellow' liquid 
w r ith a residue was obtained. These 25 ml. of alcoholic solution w r ere 
shaken in a separating funnel with 25 ml. of benzene, and two layers 
were obtained. The upper, benzene, layer w r as pale yellow and rather 
clear; the low’er, alcoholic, layer was white and milky. The two layers 
w’ere separated, and the alcoholic layer was shaken up again with 25 ml. 
of benzene. The benzene layer was now colourless and rather clear, whereas 
the alcohol layer was still milky. The alcohol layer: the benzene was eva- 
porated in a vacuum: the solution became pale yellow', somewhat opale- 
scent and w'ith some residue. It was diluted up to 140 ml. with 95 % 
alcohol = extract A (rather clear and almost colourless). The benzene 
layer: was reduced to complete dryness in a vacuum and was then dis- 
solved in 10, ml. acid alcohol, giving a yellow solution w'ith some residue. 
This solution was diluted with 130 ml. 95 % alcohol = extract AB (clear 
and almost colourless). 

Result: Extract A. 73 % (11:8) positive. 

AB. 38 % (16:6) positive. 

As it was found that after two shakings, activity still remained in 
the alcohol fraction, further tests were made, using the same method 
but more thorough shaking. 

In Test 2 the solutions were shaken 3 times with benzene, as in Test 1. 
The benzene fraction obtained gave 7 % positives (14:1). After shaking 
the same alcoholic solution with benzene 7 more times, no activity 
could he demonstrated in the combined benzene fractions (12:0). But 
the alcoholic fraction which had thus been shaken 10 times with benzene 
still had some activity = 42 % positives (12:5). 

In Test 3 the combined benzene fractions showed after 7 shakings 
with the alcoholic layer 11 % positive (18:2), while the alcohol fraction 
had 33 % positives (18:6). In Test h the combined benzene fractions 
were tested after only 3 shakings with the alcohol fraction and gave 
26 % positives (19:5). 


II. EXTRACTION WITH ACIDIFIED ALCOHOL 
+ PETROLEUM ETHER 

Y\ hen the marrow was extracted with acidified alcohol 
only, it tended to form into round masses, and one could not 
he ceitain that the extraction was complete. Therefore, a 
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combined alcohol and petroleum ether extraction was used 
and the marrow dispersed to give a homogeneous mixture. 

Test 5. Preparation: Calf hone marrow 
95 % alcohol 

Acidified alcohol (see test 1) 

Petroleum ether 
Benzene 
Olive oil 

Method: 70 gm. marrow was homogenised in a mortar, introduced 
into a hottle together with 210 ml. acid alcohol + 210 ml. petroleum 
ether, and shaken for 18 hours. It was then centrifuged for about 20 
minutes. The alcohol and the petroleum ether separated, and the un- 
dissolved substance sedimented out. The two layers were drawn off 
separately. The petroleum ether layer was evaporated in a vacuum until 
all the petroleum ether had been driven off. This left a mass, which, 
after cooling, appeared firm and white. It was dissolved in olive oil = 
extract P. 

The alcohol layer was evaporated on a water hath in a vacuum to 
a volume of 35 ml. It was then shaken twice with benzene, and the 
alcohol layer was diluted with 95 % alcohol — extract A. 

The benzene layer: the two benzene layers obtained by shaking with 
the alcohol layer were combined and evaporated to complete dryness. 
The residue was dissolved in 10 ml. acidified alcohol, and then diluted 
to give extract B. 

Result: Extract P — 44 % positives (9:4) 

A = 28 % — (18:5) 

B = 23 % — (13:3) 

In a similar test, Test 6, the alcohol fraction was tested after it had 
been shaken three times with benzene. Result = 40 % positives (10:4), 
while the combined benzene fractions were inactive (16:0). In the follow- 
ing tests ( Tests 7 and 8) the combined benzene fractions obtained after 
3 shakings of the alcohol fraction were tested alone, and gave 0 % (8:0) 
and 8 % positives (12:1) respectively. 

Test .9. Preparation: As in Test 5 + pure acetone. 

Method: After 24 hours’ extraction by shaking, the alcohol and 
petroleum ether layers were decanted separately. The alcohol layer 
was shaken with petroleum ether 3 times, and each petroleum ether 
layer was shaken with 95 % alcohol. 
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The petroleum ether layer was shaken with 95 % alcohol and the 
resulting alcohol and petroleum layers were combined. 

The alcohol fraction was partially evaporated in a vacuum and shaken 
three times with benzene. The combined benzene layers were treated 
as in Test 5 = extract B. The remaining alcohol fraction was precipitated 
with acetone. The precipitate obtained after 24 hours was dried in a 
dessicator and became yellowish and of a waxy consistency. It was 
dissolved in 95 % alcohol = extract .4. 

The petroleum ether fraction was evaporated in a vacuum until all 
the petroleum ether had disappeared. The residue, a yellow fat, was 
precipitated with acetone, and gave a white fairly plentiful precipitate, 
which was dried, ground to powder and dissolved in olive oil = P ac. 
The acetone was evaporated off the filtrate after the precipitation, and 
one half of the remaining fat was diluted with olive oil = extract P. 

Result: Extract A = 0 % positives (14:0) 


.4 ac = 50 % — (14:7) 

B = 72 % — (18:13) 

Pac= 0% — (16:0) 

P = 0 % — (16:0) 


Test 10 was carried out like Test 9, except that the acetone precipitate 
from the alcohol fraction was dissolved in saline solution. In this series 
nearly all the preparations showed infection, and no bone formation 
was obtained (20:0). The alcohol fraction, i.e. the filtrate from the 
acetone precipitate gave 10 % (20:2), the benzene fraction 32 % (19:6), 
and the acetone filtrate from the petroleum ether fraction 6 % positives 
(18:1). 

Test 11 was also carried out like Test 9, but in addition one benzene 
fraction was washed with distilled water. The combined water fractions 
gave 10 % positives (20:2). The benzene fraction shaken with water was 
dried with sodium sulphate and then dissolved in 95 % alcohol; it gave 
no positives (20:0). The part of the benzene fraction which had not 
been washed with water showed 35 % positives (20:7). The alcohol 
fraction, i.e. the filtrate left after the acetone precipitation was inactive 
(20:0), as was also the acetone precipitate from the same fraction, diss- 
olved in saline solution (20:0). The acetone precipitate from the petrol- 
eum ether fraction dissolved in alcohol showed weak activity — & % 
positives (18:1). 

Test 12 was made in the same way as Test 10. The filtrate obtained 
after acetone precipitation of the alcohol fraction showed 31 % positives 
(16:5), while the precipitate dissolved in saline gave 40 % positives 
(20:8). The acetone precipitate from the petroleum ether fraction was 
inactive (20:0). 

In Test 13, carried out in the same way as Test 11, the following 
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fractions were tested: the combined benzene fractions obtained by shak- 
ing the alcohol fraction; the alcohol fraction shaken with the benzene; 
one alcohol fraction which had been washed with distilled water; and 
the combined water fractions obtained from the benzene washing. All 
series were negative (20:0). 


CHROMATOGRAPHIC TESTS 

In Test 1U, chromatography was used. The petroleum ether fraction 
from Test 6 was used. This extract is a firm, white fat at room temp- 
erature; it was melted for each test. 

Apparatus and preparation: Chromatogram tube, 20 mm. diameter. 

Aluminium oxide, according to Brockman. 

Petroleum ether. 

Method: The extract was dissolved in 25 ml. petroleum ether. The 
chromatogram, which had no coloured zones, was divided into 3 equal 
columns, each extracted separately in petroleum ether + some methanol. 

Columns 1 and 2 from 2 tests were tested. The petroleum ether was 
evaporated in a water bath. The remaining fat was dissolved in olive 
oil. Result: Both series were inactive (17:0 and 20:0). 

In Test 15 the dried benzene fraction from Test 11 was used as a raw 
extract; it unfortunately proved to be inactive. The same technique 
was used. 3 chromatograms were tried. Result: Both series were inactive 
(10:0 and 10:0). 


III. TESTS WITH VARIOUS METHODS 
OF EXTRACTION 

1. Acid alcohol -f- ethyl ether: 

In Test 16 the alcohol-ether layer obtained after the extraction could 
not be separated. It was evaporated in a vacuum to 35 ml., and shaken 
twice with benzene. The resulting benzene solutions were combined and 
evaporated to complete dryness, and the residue was dissolved in alcohol. 
Result: 30 % positives (20 :G). 

Test 17 was performed in the same way as Test 16, except that the 
evaporated alcohol-ether layer was shaken with benzene 7 limes instead 
of only twice. The combined benzene layers were evaporated to complete 
dryness. The residue was a firm, white fat after cooling; one part of it 
was dissolved in oil, and one part in alcohol. Result: the oil solution 
gave 0 positives (20:0), and the alcohol solution 25 % positives (20:5). 
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2. Benzene. (Soxhlet) : 

Test 18. The marrow was dried with Na;SCh. After the Soxhlet extrac- 
tion the benzene solution was evaporated to complete dryness. Part of 
the residue was dissolved in oil. Result: 25 % positives (12:3). 

3. 95 % alcohol + petroleum ether: 

Test 19. After the extraction, the two layers were separated. Only the 
alcohol fraction was used. It was partly evaporated, and shaken 3 times 
with benzene. The combined benzene layers were evaporated to dryness. 
The residue was dissolved in alcohol. Result: 59 % positives (17:10). 
The alcohol layer was diluted with 95 % alcohol. Result: 47 % positives 
(15:7). 

4. Petroleum ether: 

Test 20. When the marrow from Test 4 had been shaken with acid 
alcohol, and the alcohol layer had been filtered off, the rest of the 
marrow was this time not discarded, but was shaken with petroleum 
ether. The petroleum ether layer was then evaporated to dryness, and 
the residue was dissolved in olive oil. Result: 0 positives (19:0). 


CHEMICAL INVESTIGATIONS 
OF THE BONE MARROW EXTRACTS 

Lieberman-Burchard's sterol reaction was performed on 10 different 
extracts. It was negative in 4; their total of positives was 54 % (56:30). 
In the other 6 extracts it was positive; their total of positives was 26 % 
(108:28). 

Tests for phosphatase were made on the extracts of tests 6, 17 and 
19, and were all negative. 

The Biuret reaction was negative in extracts 1 A and 5 A. 

The solubility of the acetone i>rccipitatcs was as follows: 
insoluble in olive oil at room temperature 
partly soluble in alcohol at 37° C. 

completely soluble in distilled water at room temperature. 

The water fractions after washing the benzene in Test 13 gave a 
positive reaction for unsaturated fatty acids (decoloration of KMnOi)* 


S U M M A R Y 

Lcvander and others showed that alcoholic extracts of bone 
and hone marrow contain a factor with a definite osteogenetic 



OSTEOGENESIS 


427 


activity, e.g. injection of the extracts into the quadratus fem- 
oris of rabbits resulted in the formation of hone or cartilage 
in the muscle. In the present investigation we have tried to 
collect the osteogenetic activity quantitatively in one or other 
of the dissolving agents by shaking an alcoholic extract of 
hone marrow with benzene. In this we were unsuccessful; in 
fact it was found that the activity stubbornly remained in the 
alcohol fraction. After shaking the alcohol extract with two 
separate solutions of benzene the alcohol fraction gave 73 % 
positives (Test 1), and the benzene fraction onty 38 %. After 
shaking the alcohol extract with 10 separate benzene solu- 
tions, the alcohol fraction was still active (42 % positives), 
while the last benzene fraction was comp letely inactive. In 
the tests with extracts in acid alcohol the alcohol fraction gave 
46 % positive results (41:19) and the benzene fraction 17 % 
(79:14). In tests with extracts in acid alcohol + petroleum 
ether, the alcohol fraction gave 30 % (98:29), and the benzene 
fraction 27 % positives (124:33). 

In two tests it was possible to collect a considerable activ- 
ity in the acetone precipitate obtained from an alcohol frac- 
tion (40 % and 50 % positives respectively), the filtrate after 
the precipitation being considerably less active. The combined 
precipitates gave 28 % (54:15) and the combined filtrates 
10 % (70:7) positives. 

The activity of the extracts from the petroleum ether frac- 
tion was remarkably low; good result (44 %) was obtained in 
only one test. All the petroleum ether extracts gave an average 
of only 4 % positives (154:6). After chromatography the 
extracts were completely inactive; in one test this was prob- 
ably due to inactivity of the original benzene extract, in the 
other, a petroleum ether extract, which usually has a very 
low activity, was used. Therefore, in both cases the original 
extract was probably inactive. 

Of the two water extracts, one gave a weak positive 
result (10 %) and one was inactive; the former came from 
a positive (35 %) and the latter from a negative benzene 
extract. 
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The rather large number of series with completely negative 
results, the extracts being altogether inactive, might he regard- 
ed as control tests. If all the positive and all the negative 
series are collected into 2 groups, one obtains the figures 
456:137 (30 %), and 437:0. Statistically, this proves that the 
positives cannot be due to pure chance. 

The experiments have shown that the results obtained 
with heterozoic material are comparable with those obtained 
with homozoic. 

It would be premature to attempt to base any chemical 
classification of the osteogenic factor on the results obtained 
here. Some conclusions may, however, be drawn. It is interest- 
ing that it is not possible to extract all the active factor out 
of an alcohol fraction by means of benzene, and that the 
particular solvent for sterols and lipoids, petroleum ether, fails 
to extract the active factor from the alcohol. This supports 
the opinion that the active factor is not a pure sterol or lipoid, 
which is also confirmed by the low activity of the pure 
petroleum ether extracts. Further, most extracts gave ne- 
gative reactions when tested for sterols. The activity of the 
acetone precipitates from the alcohol extracts suggests a 
phosphatide, but this is contradicted by their solubility in 
distilled water, and their relative insoluhity in oil. 


RESUME 

Levnnder et d’autres ont montre que les extraits d’alcool 
d’os et de moelle osseuse contiennent un facteur possedant une 
activite osteogenetique definie. Ainsi, il resulte de 1’injection 
de ces extraits dans le quadratus femoris des lapins une for- 
mation osseuse ou carlilagineuse dans le muscle. Dans les 
presentes recherches, nous avons essaye de recueillir la donnee 
quantitative de I’activite osteogenetique en melangeant l’extrait 
d’alcool de moelle osseuse dans divers dissolvants a du ben- 
zene. Nous n’avons eu aucun succes ; en reaJite it a ete 
constate que 1 activite restc opiniatrement dans la fraction 
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d’alcool. Apres avoir melange Pextrait d’alcool avec des solu- 
tions separees de benzene, la fraction d’alcool donna 73 % 
de reactions positives ( Test 1 ) et la fraction de benzene 38 % 
seulement. Apres avoir melange 1’extrait d’alcool avec 10 
solutions separees de benzene, la fraction d’alcohol etait encore 
active ( 42 % reactions positives ), tandis que la derniere frac- 
tion de benzene etait completement inactive. Dans les tests 
avec extraits dans des acides d’alcool, la fraction d’alcool 
donna 46 % de resultats positifs et la fraction de benzene 
17 %. Dans les tests avec des extraits bruts dans des acides 
d’alcool + ether de petrole, la fraction d’alcool donna 30 % 
(41: 19 ), et la fraction de benzene 27 % reactions positives 
( 124 : 33 ). 

Dans deux tests, il a ete possible de recueillir une activite 
considerable de la precipitation d’acetone obtenue d’une frac- 
tion d’alcool ( 40 % et 50 % reactions positives respective- 
ment ), la substance filtree apres la precipitation etant beau- 
coup moins active. Les precipitations combinees ont donne 
28 % ( 54 : 15 ) et les substances filtrees combinees 10 % 
( 70 : 7 ) positives. 

L’activite des extraits de la fraction de Tether de petrole 
etait curieus ement basse ; un bon resultat ( 44 % ) a ete 
obtenu dans dans un seul des tests. Tous les extraits d’ether 
de petrole ont donne une moyenne n’atteignant que 4 % de 
reactions positives ( 154 : 6 ). Apres la chromophotographie, 
les extraits etaient completement inactifs ; dans un test ceci 
etait probablement du a l’inactivite de Pextrait primitif de 
benzene, dans l’autre, on a utilise un extrait d’ether de petro- 
le dont I’activite est generalement tres basse. C’est probable- 
ment pourquoi Pextrait original est reste inactif dans ces 
deux cas. 

Sur deux extraits d’eau, Pun a donne un faible resultat posilif 
( 10 % ) et Pautre est reste inactif ; le premier provenait d’une 
reaction positive (35 % ), le dernier d’un extrait de benzene 
negatif. 

Le nombre relativement eleve de series donnant des resul- 
tats absolument negatifs, les extraits etant dans l’ensemble 
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inactifs, doivent etre considerees coniine des tests de controle. 
Si toutes les series positives et toutes les series negatives sont 
rangee en deux groupes, on obtient les donnees 456 : 137 ( 30 
% ) et 437 : 0. D’un point de vue statistique, ceci prouve que 
les donnees positives n’ont pas ete obtenues par le effet du 
hasard. 

Les experiences ont montre que les resultats obtenus avec 
un materiel heterozoique sont comparables a ceux d’un ma- 
teriel homozoique. 

II serait premature de vouloir etablir une classification 
chimique du facteur osteogenique sur les resultats obtenus 
ici. On peut toutefois en tirer certaines conclusions. II est in- 
teressant de constater qu’il n’est pas possible d’extraire tout le 
facteur actif d’une fraction d’alcool au moyen du benzene, 
et notamment que le solvant particulier des sterols et des 
lipoides, Tether de petrole, n’arrive pas non plus a extrairc 
le facteur actif de 1’alcool. Ceci appuie Thypothese que le 
facteur actif n’est pas un pur sterol ou lipoide, ce qui est 
confirme egalement par la faible activite des extraits de pur 
ether de petrole. Par ailleurs, les extraits les plus actifs ont 
donne des reactions negatives lorsqu’ils ont ete essayes coniine 
sterols. L’activite des precipitations d’acetone des extraits 
d’alcool semble indiquer qu’il y a phosphatisation, mais ceci 
est contredit par la. soluhilite des precipitations dans Teau 
distillee et leur insolubility relative dans Phuile. 


ZUSAMMENFASSUNG 

Levander und andere Authoren zeigten, dass alkoholische 
Extrakte von Knochen und Knochen-marken einen Faktor mit 
definitiven osteogentischen Eigenschaften enthalten. Injektion 
der Extrakte in den quadratus femoris von Kaninen resultierte 
in der Bildung von Knorpel oder Knochen im Muskel. In den 
vorliegendcn Untersuchungen liaben wir versucht die osteo- 
genetische Aktivitet quantitativ in dem einen oder dem ande- 
ren der losenden Agenlia zu sammeln, indem wir einen alko- 
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liolischen Extrakt von Knochenmark mit Benzen ausschiittel- 
ten. Wir waren damit nicht erfolgreich. Wir fanden in der 
Tat class die Aktivitat standig in der Alkoholfraktion zuriick- 
blieb. Nach Ausschiittelung des Alkobolextraktes mit zwei ge- 
sondeten Benzenlosungen, gab die Alkoholfraktion 73 % posi- 
tive Resultater (Versuch 1), und die Benzenfraktion nur 38 %. 
Nach Ausschiittelung des Alkoholextraktes mit 10 gesondeten 
Benzenlosungen, war die Alkoholfraktion noch immer aktiv 
(42 % positive), wiihrend die letzte Benzenfraktion vollstjin- 
dig inaktiv war. Die Versuche mit Extrakten mit Saure-Alko- 
liol gaben in der Alkoholfraktion 46 % positive Resultater 
(41:19) und der Benzenfraktion 17 % (79:14). In Versuchen 
mit Extrakten mit Saure-Alkohol und Petroleumather gab 
die Alkoholfraktion 30 % (98:29) und die Benzenfraktion 
27 % positive Resultater (124:33). 

In zwei Versuchen was es moglich eine bedeutende Akti- 
vitet in dem Azeton Prazipitat, das von der Alkoholfraktion 
erhalten wurde, zu sammeln (40 % respektive 50 % positive 
Resultater). Das Filtrat nach der Prebipitation war bedeutend 
weniger aktiv. Die Prazipitate zusammen gaben 2S % (54:15) 
und die Filtrate zusammen gaben 10 % (70:7) positive Re- 
sultater. 

Die Aktivitet der Extrakte der Petroleumatherfraktion 
war auffallend niedrig. Nur in einem Versuch (44 %) wurde 
ein gutes Resultat erzielt. Die Petroleumatherextrakte zu- 
sammen gaben einen Durchschnitt von nur 4 % positiven 
Resultaten (156:6). Nach Chromatographie waren die Extrakte 
vollstandig inaktiv. In einem Versuch war die Ursache wahr- 
scheinlich Inaktivitat des urspriinglichen Benzenextraktes, 
in den anderen wurde ein Petroleuinjitherextrakt, der ge- 
wohnlich eine sehr geringe aktivitet hat, verwendet. Deshalb 
war in beiden Fallen der urspriingliche Extrakt wahrschein- 
lich inaktiv. 

Von den zwei wassrigen Extrakten gab einer schwach 
positive Resultater (10 %) und der andere war inaktiv. Der 
erstere kam von einem positiven Benzenextrakten (35 %) 
und der letztere von einem negativen Benzenextrakt. 
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Die ziehmlich grosse Anzahl von Reihenfolgen mit voll- 
standig negativen Resultat, bei inaktiven Extrakten, kann als 
Ivontrolproben angesehen werden. Wenn man alle positiven 
und alle negativen Serien in zwei Gruppen sammelt, erhalt 
man die Zahlen 456:137 (30 %) und 437:0. Das beweist Stati- 
stisch, dass die positiven Resultater nicht auf reinem Zufall 
beruhen konnen. 

Die Versuche liaben gezeigt, dass die Resultate, die man 
mit heterozoischem Material erhalt, verglichen werden konnen 
mit denen, welch e man mit homozoischem erhalt. 

Es wiirde verfruht sein, zu versuchen ein chemische Klassi- 
fikation des osteogenetischen Faktors auf den hier erhaltenen 
Versuchen zu begriinden. Gewisse Schlussfolgerungen kann 
man jedoch ziehen. Es ist interessant, dass man nicht den 
gesammten aktiven Faktor eines Alkoholextraktes mit Hilfe 
von Benzen extrahieren kann, und dass die spezielle Solvens 
fiir Sterol und Lipoid, Petrolather, nicht imstande ist den 
aktiven Faktor vom Alkohol zu extrahieren. Dies unterstiitzt 
die Ansicht dass der aktive Faktor nicht ein reines Sterol 
oder Lipoid ist, welche Ansicht auch durch die geringe Akti- 
vitat der reinen Petrolatherextrakte unterstiitzt wird. Ausser- 
dem gaben die aktivsten Extrakte negative Reaktionen, wenn 
untersucht auf Sterole. Die Aktivitat der Azetonprazipitate von 
Alkoholextrakten deutet auf Phosphatide hin, aber dagegen 
spricht die Loslichkeit der Prazipitate in destiliertein Wasser 
und ilire relative Unloslichkeit in ol. 
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EXPERIMEMTAL INVESTIGATIONS INTO 
THE HEALING OF FRACTURES 

BY 

VIGGO ESKELUND & CLAUS MUNK PLUM 

I. 

HEALING OF FRACTURES OF THE FEMORAL 
D I A P H Y S I S IN RATS 

Introduction. 

The healing of fractures has aroused great interest ever 
since the days of Galen and Hippocrates and has been the 
object of numerous investigations. In 1940, according to Urist 
and Johnson, there were more than 4000 publications on this 
subject and this figure has since been considerably increased. 

The questions arousing special interest have been the 
periosteal and endosteal formation of bone, direct and in- 
direct ossification, the factors which might have an influence 
on the healing of bone, and, during the last few decades, 
questions concerned with the transplantation of hone and 
osteosynthesis. Investigations have been based mainly on ex- 
perimental fractures, clinical and histological studies, and 
radiography. 

Gradually, agreement about the main features of the 
healing of fractures has been reached, but different investiga- 
tions still show considerable differences of detail. 

Urist and Johnson’s work of 1943 contains an excellent 
survey of the various stages of healing of fractures and a 
copious bibliography, to which reference may be made. 
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Briefly, the healing of a fracture in man takes place as follows: 
Immediately after a hone is fractured a haematoma forms at the site of 
the fracture: it contains large and small fragments of bone, of hone 
marrow, and of the surrounding muscles, ligaments, fasciae and, pos- 
sibly, articular cartilage and capsular tissue. Very soon aseptic inflam- 
matory changes and processes of organisation take place within the 
haematoma. The resulting swelling at the site of the fracture is termed 
procallus. 

The haematoma is invaded by a highly vascularized granulation tissue 
from the surrounding tissues and at the same time the periosteum, and 
to some extent the endosteum, proliferates in the circumference of the 
fracture, forming, in the case of the periosteum, an annular cancellous 
thickening of the fracture ends, which become club-shaped. These 
periosteal formations gradually grow beyond the fractured surfaces, 
across the more or less organised haematoma, and are seen in sections 
to form a bridge-like osseous connection between the fragments. The 
granulation tissue which has replaced the haematoma contains hyaline 
cartilage, fibrocartilage and fibrous cicatricial connective tissue. Thus, 
the thickening at the site of the fracture, the true callus, consists at this 
stage of a disc of connective and cartilaginous tissue lying between the 
fragments and between the bone formed externally by periosteal and 
centrally by endosteal bone formation. 

The actual consolidation of the fracture by ossification begins early 
but is completed very late. Like “primary healing” its course is mainly 
centripetal, the fibrocartilaginous callus disc being gradually replaced 
by osseous tissue growing in from the external callus. There seems to 
be no sharp delimitation between osteoid and osseous tissues. 

As new bone is formed, loose tissue fragments and the fractured 
ends are resorbed and demineralized, and for a long time after osseous 
union is established reorganisation continues, superfluous tissue being 
removed and the new structure as far as possible adapted to the static 
and mechanical conditions. 

I he time required for the healing of a fracture varies widely: it 
depends on many different factors, such as the type and site of the 
fracture, the amount of displacement, the mobility and the patient’s 
age. Occasionally a fracture does not unite, and a pseudarthrosis is 
formed. 

In animals the healing of fractures is the same as in man, with the 
formation of procallus, fibrocartilaginous callus and osseous callus. 


I lie animals most frequently used for experimental studies 
of the healing of fractures have been rats, rabbits and guinea- 
pigs. Hertz (1936) used 4-\veek-old rats; he fractured the 
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fibula by means of a special forceps, constructed by himself, 
and killed the animals from 4 to 50 days later. From a study 
of 27 animals treated in this way, he found that the haematoma 
was completely organised in 4 days and the callus increased in 
size up to the tenth to fourteenth day and then decreased. 
After 35 days it could not be demonstrated macroscopically. 
The mobility at the site of the fracture steadily decreased, 
and after 22 days only a very slight “springiness” remained. 
In 27 guinea-pigs treated by the same method he found that 
the fracture was firm after 26 days, and that the callus was 
removed in about 50 days. 

Urist and McLean used over 400 7-week-old rats; they 
fractured the tibia and examined the callus histologically, in 
particular the relation of calcification to osteogenesis. The 
fracture was observed for 24 days; it was not immobilised. 
No details of the time of union or of the mobility at the 
fracture site at the different dates are given. 


Methods and Assessment. 

The present work was designed to show the course of 
normal healing of fractures in rats, using a particular fracture. 
Special attention was paid to the time and degree of healing. 

We first tried Hertz’s method of fracturing the fibula but 
we abandoned it, partly because of the difficulty of producing 
the fracture and partly because exact radiographic control 
was not possible. Instead manual fracture of the femur proved 
to be fairly easy and to be better suited to radiographic study. 
White laboratory rats, aged 4-5 months were used; they were 
kept in single cages on a standard vitamin-containing diet 
and thrived normally. The femur was fractured manually 
under ether anaesthesia. Immobilization of the fractures 
proved impossible, so there was usually considerable deformity. 
Otherwise, the fracture seemed to cause comparatively slight 
inconvenience to the animals. After 5 or 6 days they stood 
on their hind legs and jumped about as they had done before 
the fracture. In order to make the material more homogeneous. 


28 Acta orthopaedlca, vol. XIX, 4 
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only fractures of the middle third of the bone were included. 
Fractures of the lower third appeared to heal far more 
rapidly. The degree of healing was assessed on the basis 
of the mobility, radiographic and histological appearances. 


Material. 


The material comprises 271 rats with fracture of the middle 
third of the left femur. As the object of the examination was 
to determine the course of the normal healing of fractures 
under the given conditions, the animals were usually killed 
at intervals of- about a week. A small number of animals was 
also killed at shorter intervals during the first four weeks 
with a view to following the processes of healing histologically, 
while 13 animals were not killed until 8 months after the 
fracture. In order to obtain both a qualitative and a quantita- 
tive expression of the healing, the numbers of animals killed 
after 14, 21, 28 and 56 days respectively were relatively large. 
The distribution was as follows: 


Days after fracture 
2 
4 
7 
9 
11 
14 
16 
21 
24 
28 
35 
42 
49 
56 

63 

64 
70 
84 
94 

243 


Number of animals 

1 

2 

8 

4 

5 
44 

2 

38 

2 

57 

12 

5 

5 

51 

5 

2 

5 

5 

5 

13 
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The larger groups were collected at different seasons and 
from different litters in order to reduce errors as far as 
possible. 


Healing of the Fractures Assessed According 
to Degree of Firmness. 

The firmness of a fracture is the best criterion of its 
healing, except in impacted fractures, which are very rare in 
fractures of the diaphysis. The mobility at the fracture site 
was tested immediately after the animals had been killed and 
the soft parts had been removed. One fragment was fixed, 
and then the range of movement of the other fragment was 
measured in degrees with a protractor. If the range was 
greater in one plane than in the other, the greater range 
was recorded. Ranges of more than 90° are recorded as 120°; 
if between 5 and 10°, for example, as 10°. Arranged according 
to the time after fracture the following ranges of movement 
were found: 


O/.J 

o**» 

o-« 



Curve showing the degree of firmness in relation to time of healing. 
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Days after fracture 

Number 
of animals 

min. 

Mobility 

max. 

mean 

2 

2 

120° 

120° 

(120°; 

4 

2 

120 

120 


7 

8 

70 

120 

110 

9 

4 

120 

120. 


11 

5 

90 

120 


14 

44 

30 

120 

78 

16 

2 

90 

90 


21 

38 

15 

120 

53 

24 

2 

45 

90 


28 

57 

0 

120 

37 

35 

12 

5 

120 


42 

5 

0 

75 


49 

5 

0 

120 


56 

51 

0 

120 

28 

63 

5 

30 

120 


64 

2 

• 15 

60 

• 

70 

5 

10 

35 


84 

5 

10 

120 


94 

5 

15 

120 


243 

13 

0 

120 

(45) 


These figures, and figure 1 show that the mobility 
was complete or very large during the first fortnight, and 
firm union did not occur before 4 weeks. The mean values 
of mobility were computed only for the larger groups; they 
show a fall during the first 8 weeks. After 8 months they 
were somewhat higher and quite a considerable number of 
fractures did not become firm during the observation period, 
presumably due to the formation of a pseudarthrosis. Further, 
a group of 13 subjects is not large enough for any definite 
conclusions. For all groups there was a very considerable 
standard deviation. 

Cumulative curves of the larger groups show an initial 
marked and later a decreasing displacement to the left. The 
displacement decreases with the age of the fracture (see 
Fig. 2). 



HEALING OF FRACTURES 439 

% 



Fig. 2. 

Cumulative curves showing degree of firmness 
after 7, 14, 21, 28 and 56 days. 


Healing of Fractures Assessed by Means of X-rays. 

Nearly all fractures were radiographed in two planes after 
removal of the soft parts. In addition, in most cases the range 
of movement, the shortening and the diastasis were measured, 
and the nature and position of the fracture were determined. 
The actual basis of the assessment was, however, the periosteal 
formation of new bone and the resorption of the fractured 
ends, assessed at values from 0 to 3. The faintest periosteal 
reaction, a very narrow, not very dense shadow, was assessed 
as Y z >* a narrow, hut rather dense shadow as 1; a fairly 
marked periosteal thickening with perhaps adaption of the 
fractured ends at these thickenings, as 2; while the maximum 
value 3 was reserved for the rather few cases in which 
complete osseous healing occurred. 

The assessment of the periosteal reaction gave the follow- 
ing results: 



440 


ESKELUND and PLUM 


Days 

No. 

of animals 

min. 

Periosteal reaction 

max. 

mean 

0 

1 

0.0 

0.0 


4 

2 

0.0 

0.0 


7 

8 

0.0 

0.5 

0.25 

9 

4 

0.0 

0,5 


11 

5 

0.0 

0.5 


14 

44 

0.0 

0.5 

0.53 

16 

2 

0.5 

1.0 


21 

38 

0.5 

1.5 

0.84 

24 

2 

1.0 

1.0 


28 

57 

0.5 

2.0 

1.14 

35 

12 

0.5 

2.5 


42 

5 

1.0 

2.0 


49 

5 

0.5 

1.5 


56 

51 

0.5 

3.0 

1.63 

63 

5 

0.5 

2.0 


64 

2 

1.0 

2.5 


70 

5 

1.0 

1.5 


84 

5 

0.5 

1.0 


94 

5 

0.5 

1-0 


243 

13 

0.5 

2.0 

1.20 


O t-tt 
O n-K 
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Fig. 3. 

Curve showing healing, as judged by the periosteal reaction. 


HEALING OF FRACTURES 441 


% 



after 7, 14, 21, 28 and 5G days. 

In the larger groups the mean figures show that by the 
end of a week the reaction is faint and that it then steadily 
increases. It reaches its maximum of 1.63 after about 8 weeks 
(see Fig. 2, page 439). After 243 days the figure is lower, 
jjresumably because the callus is being remodelled, and, when 
a pseudarthrosis develops, partly resorbed. The minimum 
figures show that there was a visible periosteal reaction 
after 2 weeks in all cases, but that some, irrespective of their 
duration, had only a very slight tendency to healing. 

The cumulative curves show a quite even displacement to 
the right in the groups examined between the 7th and 56th 
days. The distance between the curves for 28 and 56 days, 
as compared with that between the cumulative curves of the 
other assessments, is relatively large (see Fig. 4). 

The resorption was assessed in the following way: slight - 
abrasion and some rarefaction of the fractured ends, 1 , a 
fairly pronounced rarefaction with some blurring of the 
cortex and rounding of the fractured ends, 2 ; marked atrophy 
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of the fractured ends and possible formation of a new articular 
cavity with pseudarthrosis, 3. The following results were 


obtained: 

No. 


Resorption 


Days 

of animals 

min. 

max. 

mean 

2 

1 

0.0 

0.0 


4 

2 

0.0 

0.0 


7 

8 

0.0 

0.0 

0.0 

9 

4 

0.0 

0.0 


11 

5 

0.0 

0.5 


14 

44 

0.0 

1.0 

0.36 

1G 

2 

0.5 

0.5 


21 

38 

0.5 

1.0 

0.76 

24 

2 

0.5 

1.0 


28 

57 

0.5 

2.0 

1.14 

35 

12 

0.5 

2.0 


42 

5 

1.5 

2.0 


49 

5 

0.5 

2.0 


56 

51 

0.5 

2.5 

1.53 

63 

5 

0.5 

2.0 


64 

2 

1.5 

2.0 


70 

5 

1.5 

3.0 


84 

5 

1.0 

2.0 


94 

5 

2.5 

3.0 


243 

13 

1.0 

3.0 

1.50 

O'- to 



Fig. 5. 


Qtf-oo 

Curve showing 

the resorption, as judged 

from radiographs. 
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Fig. 6. 

Cumulative curves shoving the resorption (as judged from radiographs) 

after 14, 21, 28 and 56 days. 


Thus it appears that the resorption begins in the second 
week, increases steadily until about the seventh week, then 
remains fairly constant. Roughly speaking, the curve (Fig. 5, 
page 442) follows that showing the periosteal reaction, but it 
begins a little later and does not fall towards the end of the 
period of observation, when the bone becomes more compact. 
At first, the cumulative curves show some displacement to 
the left as compared with the curve for the periosteal reac- 
tion, but, later, they fall together with it. (Fig. 6). 


(Dr. V. Thayssen kindly interpreted some of the radio- 
graphs ) . 
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Histological Examination and Assessment of the 
Healing of Fractures. 


The sections for microscopy were prepared after decalci- 
fication (nitric acid, 5 per cent; ammonium ferric sulphate 
solution, 3 per cent; in the ratio 25:1 c. c.) of the isolated, 
formalin-fixed bones. These were embedded in paraffin and 
longitudinal sections were made through the callus. The sec- 
tions were stained with haematoxylin-eosin and with van 
Gieson-Hansen’s stain. Cutting the sections proved to he 
technically rather difficult and in some cases numerous sec- 
tions had to be cut before the correct plane was reached. 

These sections do not of course give a complete picture 
of the processes of healing, as only a small part of the fracture 
could he observed. We considered the possibility of cutting 
serial sections but abandoned the idea because of the large 
number of bones being studied. 

A number of details which seemed to have importance for 
the various stages of the process of healing were selected 
from the motley histological picture of the fractures; they 
were assessed, like the radiographs, at values from 0 to 3. 
Our aim was to obtain a numerical expression of the healing 
by computing the mean figure of the various assessments. 
In this way we assessed the following details of the histological 
picture: haemorrhage, inflammatory infiltration, cavity in the 
callus, closure of the medullary cavities, periosteal formation 
of hone and cartilage, other formation of hone and cartilage, 
the size of the medullary cavity in the newly-formed periosteal 
tissue and the resorption of hone. 

At the time of fracture there is a fairly large haemorrhage 
fi om the torn vessels ; it is, however, quite soon organised and 
resorbed. Thus, groups of 7 or more subjects showed the 
following results: 
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No. 


Haemorrhage 

Days 

of animals 

min. 

max. 

mean 

‘7 

7 

1 

2.5 

1.64 

14 

15 

0 

' 2.0 

0.30 

21 

15 

0 

1.0 

0.27 

28 

57 

0 

2.0 

0.13 

56 

14 

0 

1.0 

0.07 

243 

13 

0 

0.0 

0.00 

Thus 

these figures and 

also 

those from 

the intervening 

smaller 

groups show, as might 

be expected. 

that the haem- 


orrhage has its maximum immediately after the fracture. 
It rapidly diminishes, and after 14 days extravasation was 
seen in only 4 out of 15 cases, and later only few and scattered 
haemorrhages were observed, usually only in fractures which 
were fairly mobile. These presumably secondary haemorrhages 
were probably due to trauma when the animals we're removed 
from the cages. These figures and Fig. 7, page 446, show that 
the actual fracture haematoma is largely fesorbed in the 
course of 14 days. 

Very soon after fracture an aseptic inflammatory reaction 
develops at the site of the fracture, in response to the tissue 
destruction and haemorrhage. The haematoma is gradually 
replaced by a granulation tissue rich in cells and vessels and 
infiltrated with polymorphonuclear leucocytes, lymphocytes, 
plasma celles and jdiagocytic cells. Gradually this inflam- 
matory reaction passes into a chronic stage. The fibroblasts 
in the granulation tissue become more plentiful and finally 
fibrous scar tissue is formed. The cellular infiltration persists 
longest in the outer layers of the callus where necrotic muscle 
fibrils, injured by the fracture, are degenerating. 

The quantitative assessment gave the following results for 
the larger groups: 



No. 


Inflammation 


Days 

of animals 

min. 

max. 

mean 

7 

7 

1 

2.0 

1.57 

14 

16 

0 

2.0 

1.13 

21 

15 

0 

1.5 

0.47 

28 

57 

0 

1.0 

0.13 

56 

14 

0 

2.0 

0.21 

243 

13 

0 

1.0 

0.08 
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Fig ■ 7 . 

Curves showing haemorrhage, inflammatory reaction and cavity in callus. 


Thus this material and Fig. 7 show that the inflam- 
matory reaction reaches its maximum on the second to third 
day after the fracture. It then decreases rapidly during 
the first week and rather more slowly during the next 
two weeks, by the end of which time it has largely subsided, 
though a diffuse, scanty infiltration may still be found many 
weeks later. Marked inflammatory changes were found in a 
few fractures after 2 or 3 months; they .were presumably due 
to secondary infection. 

The central part of the callus usually contains a cavity 
which gradually becomes smaller as healing proceeds. At first 
this cavity is enclosed by the fractured ends of the bones and 
by loose granulation tissue, often containing deposits of fibrin. 
Later, it is enclosed by denser fibrous tissue. In the cases 
where a pseudartlirosis develops the articular cavity is en- 
closed by cartilage-covered osseous surfaces and connective 
tissue. In some cases, and particularly in fractures with much 
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displacement, two smaller cavities are found, one round each 
hone end. If the fracture is firm, or nearly firm, the cavities 
are, usually small or completely obliterated. A quantitative 


assessment of the large groups 
lowing results: 


Days 

No. 

of animals 

min. 

7 

7 

1 

14 

15 

0 

21 

15 

0 

28 

55 

0 

56 

14 

0 

243 

13 

0 


of the material gave the fol- 


Cavity in callus 


max 

mean. 

3.0 

2.43 

3.0 

1.73 

3.0 

0.97 

2.0 

0.90 

2.0 

0.79 

2.0 

1.08 


This table and Fig. 7, page 446, show that the cavity be- 
comes fairly steadily smaller during the first 3 weeks ; it then 
remains rather constant at a mean value of about 1 for the 
rest of the period of observation. By the end of 8 months 
there even seems to be a slight rise in the curve, presumably 
with the formation of a pseudarthrosis with larger cavities. 
Only 2 out of the 13 fractures in this group showed no cavity. 

Immediately alter the fracture the medullary cavities are 
open, and usually there is necrosis of the medullary tissue 
adjoining the fractured surface. Closure of the medullary 
cavity, which is a feature of constant occurrence in the pro- 
cesses of healing, takes place in the following manner. First, 
the necrotic medullary tissue is resorbed and replaced by a 
disc of loose connective tissue. This soon becomes more dense, 
and strands of hyaline fibrils develop and form the basis for 
the osseous tissue which closes the medullary cavity. This disc 
of hone varies in thickness; sometimes it forms the starting 
point of an additional central formation of new bone. In the 
assessment given below, closure of the connective tissue is 
assessed as 1, immature osseous tissue as 2, and mature os- 
seous tissue as 3. 
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Days 

No. 

of animals 

min. 

7-9 

9 

1.0 

14 

9 

2.0 

21 

11 

2.0 

28 

41 

2.5 

56 

11 

3.0 

243 

12 

3.0 


Closure of medullary cavity 


max. 

mean 

2.5 

2.00 

3.0 

2.89 

3.0 

2.91 

3.0 

2.98 

3.0 

3.00 

3.0 

3.00 



Fig. 8. 

Curves showing closing of medullary cavity, and maturation of 
connective tissue in the callus. 


This table and Fig. 8 show that the osseous closure of 
the medullary cavity has begun by the end of one week 
and is almost complete by the end of two weeks. It -seems 
to he quite independent of the actual course of healing of 
the fracture. In some cases it is seen to be penetrated by 
new vessels from the medullary cavity at rather a late stage 
in the course of healing of the fracture. When union is com- 
plete, the disc is presumably resorbed, but this was not 
observed. 

The periosteal reaction , with new bone formation, begins 
very early. First there is a rapid proliferation of the cells in 
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the 'deepest layers of the periosteum. This is followed by the 
formation of collagenous fibrils between the cells, which are 
gradually transformed into typical osteoblasts; these are 
found on the surface of broader strands of collagenous fibrils. 
The tissue becomes osteoid and is then transformed by calci- 
fication into true bone. Usually, the new bone formation 
extends well beyond the actual callus mass. The thickness of 
the periosteal new bone varies considerably, not only from 
fracture to fracture, but also on the two fractured ends and 
on different aspects of one bone. It is often most vigorous on 
the side of the lesser angle, between the fractured ends. On 
section the thickening is found to begin at, or, if there is 
necrosis of the fractured end, a short distance from the fracture 
line. Its thickness sharply increases, then steadily decreases 
with the distance from the seat of the fracture. The assess- 
ment of the degree of the reaction is according to the same 
scale as for assessment on the radiographs. 



No. 

' 

Periosteal formation of new 

bone 

Days 

of animals 

rain. 

max. 

mean 

7 

7 

0.5 

1.5 

1.07 

14 

14 

0.5 

2.0 

1.29 

21 

15 

0.5 

2.0 

1.50 

28 

57 

0.5 

3.0 

1.96 

56 

14 

0.5 

3.0 

1.79 

243 

13 

1.0 

3.0 

1.85 



Curves showing periosteal formation of new bone, formation of cartilage. 
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This table, the rest of the material and Fig. 9, page 449, 
show that the periosteal reaction is visible after a few days, 
shows rather an even increase during the first 3 or 4 weeks, 
and then remains fairly constant at from 1.5 to 2.0 during 
the rest of the observation period. Compared with the radio- 
graphic results, it appears to begin earlier and to be, on the 
whole, less. The former is due to the fact that the osteoid tissue 
does not produce any shadow, the latter due to the fact that 
the microscopy shows the thickness of the new-formed peri- 
osteal tissue in one plane only, whereas more can be seen on 
the radiographs. Further, the sections did not always include 
both the fractured ends. 

The formation of medullary cavities is part of the develop- 
ment of the periosteal osseous tissue; it depends on the age 
and thickness of the latter. At first there are only small 
cavities with loose connective tissue and vessels between the 
osseous trabeculae. Gradually part of the osseous tissue is 
resorbed (near the original surface of the bone), and the 
cavities become larger. In addition, the marrow now 7 contains 
haeinatogenous tissue. At the stage of full development a 
larger cavity is seen, and then a more or less successive transi- 
tion into small cavities in the superficial layers, which are 
enclosed externally by a more compact layer of bone. The 
numerical assessment is 3 for a large cavity, 2 for a medium 
cavity and 1 for small cavities. 


Days 

No. 

of animals 

rain. 

7 

7 

0.0 

14 

16 

0.5 

21 

15 

1.0 

2S 

57 

2.0 

5G 

14 

0.0 

243 

13 

0.0 


Cavities in the periosteal layer 


max. 

mean 

0.5 

0.07 

3.0 

1.91 

3.0 

2.20 

3.0 

2.74 

3.0 

2.18 

3.0 

2.15 
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Periosteal formation of new bone Bone formation elsewhere 

— . — . — . Medullary cavity formation in periosteal layer Resorption 

Fig. 10. 

Curves showing formation of new bone, resorption, and formation 
of medullary cavity in the periosteal layer. 


These figures and the curve in Fig. 10 show that the 
formation of the medullary cavities begins in the second 
week, and reaches its peak in 3 or 4 weeks. It then remains 
between 2 to 2 y 2 during the rest of the period of observation. 

As the healing of the fracture progresses the tissue on the 
surface of the periosteal thickening of the bone becomes 
chondroid; it is then transformed into cartilaginous tissue, 
which forms the basis of further bone formation. The forma- 
tion of cartilage from the periosteum begins at the most pro- 
minent part of the thickened bone close to the fracture 
surface, and this is the origin of the osseous bridge which 
will gradually unite the two fragments. 

The quantity of cartilaginous tissue may vary within a 
very wide range. In order to find a fairly reliable basis for 
the quantitative assessment, sections from a number of frac- 
tures with an increasing amount of cartilage were collected 
and fixed in correct sequence on a glass slide; each fracture 
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was estimated by comparison with this scale, ranging as usual 
from 0 to 3. 



No. 

Formation of cartilage from periosteum 

Days 

of animals 

min. 

max. 

mean 

7 

7 

0.5 

0.5 

0.50 

14 

15 

0.5 

2.0 

0.97 

21 

15 

0.0 

2.0 

1.03 

28 

57 

0.0 

3.0 

1.41 

86 

14 

0.0 

2.5 

1.11 

243 

13 

0.0 

2.5 

1.08 


This table and the figures and Fig. 9, page 449, show that 
cartilage formation begins after about a week and increases 
evenly during the weeks that follow. The apex of the curve 
occurs at 28 days and coincides with the group with the 
greatest number of individuals — at 28 days. The curve falls 
a little during the following week and then remains at about 1. 
In each case the amount of cartilaginous tissue depends on 
the growth on the external aspect and the transformation of 
the tissue into bone from the basal part. When complete bony 
union develops the cartilaginous tissue decreases; its amount 
is no exact measure of the healing, but the brisker the pro- 
liferation of cartilage, the more rapid the healing of the 
fracture. In very mobile fractures with only a slight tendency 
to healing there is, as a rule, little or no cartilage. 

If the curves representing periosteal new bone formation 
and proliferation of cartilage respectively (see Fig. 9, page 449) 
are compared, they are seen to run almost parallel. The curve 
representing the periosteal formation of new bone is rather 
higher, but this might be due to the different assessment. 

Cartilage formation occurs also in other parts of the 
callus, though usually only in small quantities. In this con- 
nection we do not consider the fibrocartilage in the inter- 
mediary callus which can hardly play any decisive role in 
the actual healing' of the fracture. 16 out of 57 cases with 
cartilage-formation arising elsewhere than from the peri- 
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osteum occurred in the animals examined on the 28th day. 
Usually it occurred as a narrow rim of cartilage outside the 
osseous closing of the medullary cavity. Rarely, cartilage 
arose from fragments of hone which had remained in con- 
tinuity with the periosteum. The numerical assessment was 
made as described above. 


Days 

No. 

of animals 

min. 

Cartilagenformation 

max. 

mean 

7 

7 

0 

0.0 

0.00 

14 

13 

0 

0.5 

0.08 

21 

14 

0 

0.5 

0.18 

28 

57 

0 

1.5 

0.21 

56 

13 

0 

1.0 

0.38 

243 

13 

0 

1.0 

0.27 


This table and Fig. 9, page 449, show that the cartilage 
formation cannot he found before two weeks; it then shows 
a steady but rather slight increase during the next 6 weeks. 

c 

After 8 months it is slightly reduced, but the difference is 
insignificiant. This central cartilage formation cannot be re- 
garded as having great importance for healing of the fracture. 

Far greater importance must, on the other hand, be at- 
tributed to the bone formation extending beyond the periosteal 
layer. By this is meant incipient or complete osseous union 
between the fragments. As already mentioned, the cartilage on 
the surface of the primary periosteal thickening proliferates, 
forming a matrix for an osseous process or, rather, collar, 
which protrudes towards the other fragment and, by fusion 
with this, forms the external callus. 

This group also includes a few cases in which bone forma- 
tion was found to extend from the osseous closing of the 
medullary cavity, joining the osseous tissue from the peri- 
osteum. The assessment was made on a rough estimate and 
on the same principles as in the periosteal formation of new 
bone. 

The actual process of osseous healing only begins after 
about 3 weeks (Fig. 10, page 451); it increases rather rapidly 
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No. 


Bone formation 


Days 

of animals 

min. 

max. 

mean 

7 

7 

0 

0.0 

0.00 

14 

15 

0 

0.0 

0.00 

21 

15 

0 

0.5 

0.03 

28 

56 

0 

2.0 

0.33 

56 

13 

0 

2.0 

0.58 

243 

13 

0 

3.0 

1.08 


during the next week and then fairly steadily during the rest 
of the period of observation. 

It has already been mentioned that after about 4 weeks 
these fractures may feel completely firm. This is due to a 
primary fibrous healing. At first the connective tissue in the 
callus is a loose, vascularized granulation tissue, but gradually 
the aseptic inflammation subsides; the. tissue becomes richer 
in collagenous fibrils and poorer in vessels. At last it is com- 
pletely cicatricial, and in many cases has been transformed 
into fibrocartilage. In the more mobile fractures the colla- 
genous fibrils often form almost ligamentous strands which 
are surrounded by loose connective tissue, and run in various 
directions. The different phases of development of the con- 
nective tissue are seen very distinctly in preparations stained 
by van Gieson-Hansen’s staining method. 

Loose granulation was assessed as 1, the fibrous tissue 
still fairly rich in cells as 2, and the tissue which was poor in 
cells, cicatricial, fibrous or fibrocartilaginous as 3. 


Days 

No. 

of animals 

min. 

Connective tissue of callus 

max. 

mean 

7 

7 

1.0 

1.5 

1.40 

14 

16 

1.5 

2.0 

1.94 

21 

15 

2.0 

2.5 

2.10 

28 

56 

1.5 

3:0 

2.70 

56 

14 

2.0 

3.0 

2.79 

243 

12 

3.0 

3.0 

3.00 


The table and Fig. 8, page 448, shows that after one week 
the tissue is a granulation tissue, after two weeks it is fibrous 
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and after four weeks usually cicatricial. In some cases the 
nature of this tissue determines the firmness of the fracture; 
thus, fractures may be firm after 4 weeks, though osseous 
healing must be considered out of the question at this time. 
On the other hand, it is not a decisive factor, as all the frac- 
tures in the last group were assessed at 3, although some of 
them were still mobile. The maturation of the connective 
tissue of the callus seems to be mainly determined by the age 
of the fracture. 

Finally, the resorption of the bone at the fracture site has 
also been assessed numericallj 7 . If there were only few osteo- 
blasts and lacunae, the resorption was assessed as 1, vigorous 
resorption, including rarefraction of the cortical layer, as 3, 
the intermediary stage as 2. 


Days 

No. 

of animals 

min. 

Resorption 

max. 

mean 

7 

6 

0.0 

1.0 

0.67 

14 

13 

0.5 

2.0 

0.88 

21 

13 

0.5 

1.0 

1.04 

28 

54 

0.0 

3.0 

1.74 

56 

13 

0.5 

3.0 

1.88 

243 

13 

1.0 

3.0 

1.62 


These figures and the curve in Fig. 10, page 451, are at 
first a little below those for the periosteal formation of hone, 
but after the twenty-eighth day they almost coincide with 
them. 

All these numerical assessments are, of course, open to 
much criticism, and they can hardly represent more than a 
rough estimate. On the other hand, the detailed analysis gives 
a better idea of the course of the individual processes of 
healing and so makes it possible to demonstrate deviations 
from the usual pictures. 

It is striking to see how small a part the endosteal forma- 
tion of bone plays in the healing of these fractures. 

In order to obtain a total exponent of the stage of healing, 
we have computed the mean figures of all the single assess- 
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ments in each fracture. The figures of the first three asses- 
ments were reserved, e.g. no haemorrhage was assessed as 3, 
slight haemorrhage as 2 etc., since the extent and amount of 
haemorrhage, of infiltration, and of cavity decrease with 
progressing healing. 


Days 

No. 

of animals 

min. 

Total histological assessment 

max. 

mean 

2 

1 

0.00 

0.00 

0.00 

4 

2 

0.27 

0.45 


7 

8 

0.68 

0.89 

0.78 

9 

4 

0.95 

1.18 


11 

5 

0.95 

1.45 


14 

15 

1.05 

1.64 

1.44 

16 

1 

1.00 

1.00 


21 

15 

1.23 

2.15 

1.65 

24 

2 

1.50 

1.56 


28 

57 

1.40 

2.55 

1.79 

35 

11 

1.18 

2.50 


42 

5 

1.64 

2.27 


49 

5 

1.50 

2.09 


56 

14 

1.05 

2.46 

1.97 

63 

5 

1.41 

1.82 


64 

2 

1.50 

2.27 


70 

5 

1.65 

2.09 


84 

4 

1.15 

1.94 


94 

3 

1.40 

1.80 


243 

13 

1.45 

2.59 

• 1.98 


These figures and the curve. Fig. 11 and 11 a show a 
rapid rise during the first 4 weeks and then a constant level. 
As was the case for clinical firmness and the radiographic 
appearances, the standard deviation was large. The method 
becomes far more cumbrous and time-wasting in the larger 
experimental series and, as it is the result of many single 
assessments, becomes more uncertain. Its greatest value lies 
in its indication of possible deviations, particularly during 
the first 4 weeks, from the usual picture of healing. 

In the preceding pages we have examined the course of 
healing of a single form of fracture: a transverse fracture 
through the middle third of the femur in 271 white rats. 
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aged 4 to 5 months and born at different times of the year. 
The period of observation varied, the longest being 243 days. 
The degree of healing was assessed according to the mobility, 
the radiographic picture and the histological appearances. 
The mobility is recorded in degrees of movement, and the 
radiographic picture and histological appearances in grades 
of 0 to 3. The following mean figures were found: 



No. 


Radiographic appearance ^ 


Days 

of animals 

Mobility 

periosteal 

reaction 

resorption 

Histology 

14 

44 

78° 

0.53 

0.36 

1.44 

21 

38 

C7* 

CO 

Q 

0.84 

0.76 

1.65 

28 

57 

37° 

1.14 

1.14 

1.79 

56 

51 

o 

CO 

CM 

1.63 

1.53 

1.97 


The figures, which indicate the normal course of healing 
of these fractures, make it possible to detect any delay or 
acceleration of healing in any experimental series in which 
such alterations are sufficiently large. 


II. 

INVESTIGATIONS INTO THE INFLUENCE 
OF VARIOUS TISSUES ON THE RATE OF HEALING 

OF FRACTURES 

The time required for the healing of a fracture depends 
on the nature of the fracture, its site, the vascularization, the 
age of the animal and the accuracy of the reduction. We 
knov that in humans a fracture at a definite site usually 
heals after, such and such a time when the best possible 
conditions are provided. Experimental attempts to influence 
the healing of fractures have included, in addition to osteo- 
synthesis, the administration of calcium, tissue transplanta- 
tion, a itamins, and some of the sex hormones. 

Osseous tissue sometimes forms in the cicatricial tissue 
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after operations on the bladder ( Straus , 1914, Neuhof, 1917, 
Phemister, 1923). This heterotopic bone-formation was shown 
by Huggins (1930) to be brought about by the epithelium of 
the urinary tract. The examinations reported below started 
from these observations; the aim was to ascertain whether 
the factor in the epithelium of the urinary tract which was 
responsible for the heterotopic bone-formation might also 
influence the healing of fractures. 

The procedure employed in our experiments differed in 
principle from that employed by Polletini (1923), Levander 
(1935, 1938), Annersten (1935-1940), and Bertelsen (1944). 
They injected extracts of various tissues intramuscularly, 
thus producing heterotopic bone-formation or growth of 
cartilage. As extracting agent they used different liquids, 
e.g. benzene, alcohol and acid alcohol. They found that ex- 
tracts of osseous tissue ( Levander and Annersten ) and medul- 
lary tissue ( Bertelsen ) contained a substance, presumably a 
lipoid, which promoted heterotopic bone-formation. With this 
experimental procedure the lesion of the tissue caused by 
the extracting agent is undoubtedly of some importance as 
a basis of the bone-formation. 

In addition to the epithelium of the bladder we have also 
tested a number of other tissues and tissue extracts. All the 
preparations were tested on femoral fractures in white rats 
aged from 4 to 5 months. Only fractures through the middle 
third of the femur were used; fractures at a lower level have 
a shorter healing time. In the first section of the present 
publication we described the examinations of the course of 
healing of this kind of fracture in detail. Usually there was 
a considerable displacement and some of the fractures never 
became firm, so that the number of subjects in each series 
had to be comparatively large before any decisive importance 
could be attributed to possible deviations. 

The time at which the treated and untreated controls were 
compared varies somewhat. The animals were usually killed 
when the fractures were 4 weeks old, but in some series they 
were of 2, 3, 5 or 8 weeks’ standing. 
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The comparison with the controls was based mainly on 
measurements of mobility at the seat of the fracture. For 
comparison we used partly the mean figure for the mobility, 
and partly the number of fractures with a maximum of 15° 
or. in larger experimental series, cumulative curves. These 
figures and those for histological healing agree on the whole 
with the mobility findings, though they show rather a wide 
range of variation. 

In the preliminary series, rather few subjects were used. 
If there appeared to he deviations from the normal, the re- 
sults were usually checked by means of larger series which 
excluded chance variations. The figures from the controls 
are shown in parentheses. 


Epithelium of the Urinary Bladder and Extracts of it. 

The first preparation tested was freshly abraded material 
from a rats’ bladder. Half the quantity removed from the 
bladder was injected into the fracture site of 18 rats at inter- 
vals of two days; the animals were killed after 5 to 24 days. 
9 animals, however, had to be excluded as the fracture was 
in the distal half of the femur. The remaining 9 seemed to 
show a somewhat better healing than the controls. 

A further series was injected with freshly-abraded material 
from rabbit’s bladders. The amount obtained from the bladder 
of one rabbit was approximately equal to that obtained from 
four rats’ bladders. 10 rats each received an injection of 
o.l cc. of abraded material seven times into the fracture site; 
they were all killed at the end of two weeks. The healing of 
the fractures showed the following mean figures: Mobility 
35 (78°), .periosteal reaction 1.00 (0.53), resorption 0.95 

(0.36), histological assessment 1.83 (1.44). Though the ex- 
perimental series was small, the figures suggest an increased 
rate of healing. 

In order to decide whether this improvement was due to 
a local or a systemic effect, scrapings from rats’ bladders 
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were injected, in the same dose as in the first experiment, 
three times a week intramuscularly into the femur of the 
healthy side. The series comprised 52 animals which were 
killed at intervals of a week. The period of observation varied 
from 7 to 35 days. The findings were as follows: 


2nd Series 


Days 

Range 
of Mobility 

Periosteal 

reaction 

Resorption 

Histological 

assessment 

7 

102° (110°) 

0.65 (0.25) 

0.70 (0.00) 

0.90 (0.83) 

14 

78° (78°) 

0.78 (0.53) 

0.83 (0.36) 

1.46 (1.44) 

21 

50° (53°) 

1.00 (0.84) 

1.05 (0.76) 

1.70 (1.65) 

28 

57° (37°) 

1.05 (1.14) 

1.00 (1.14) 

1.78 (1.79) 

35 

37° (33°) 

1.23 (1.40) 

1.09 (1.42) 

1.89 (1.79) 


With regard to mobility, the experiment shows no dif- 
ference. On the other hand, in the first two groups the peri- 
osteal reaction and the resorption are rather greater than in 
the control groups. The histological assessment shows normal 
figures. On this occasion all the scrapings for injection were 
prepared at the same time, at the beginning of the experi- 
ment, and it is most reasonable to suppose that the poor ef- 
fect in the later groups is due to autolysis, though the prepara- 
tion was stored in a refrigerator. The only conclusion that 
can be drawn from this experiment is that the active agent 
does not keep well in a suspension of cells. 

As it was difficult to obtain the epithelium of rats’ and 
rabbits’ bladders in sufficiently large quantities, a prepara- 
tion was made from epithelial scrapings from ox bladders. 
31 fresh bladders, sent on ice from the slaughter-house, yielded 
35 gm. of abraded epithelium. 15 gin. were suspended in 
100 cc. of physiological saline. 2 cc. of the suspension was 
then injected into the fracture site three times a week in 
8 rats; the animals were killed at the end of 4 weeks. The 
following figures were found: Mobility 61° (37°). periosteal 
reaction 1 .00 ( 1.14) , resorption 0.75 (1.14), histological assess- 
ment 1.57 (1.79). Thus all the results were less good than in 
the series of controls. 

The remaining 20 gm. of abraded epithelium were extracted 
for 48 hours in 50 cc. of physiological saline solution and 
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centrifuged, and the sediment was suspended in 50 cc. of 
physiological saline solution. The aqueous extract was tested 
on 8 animals, the sediment on 10; 0.2 cc. being injected twice 
a week into the fracture site. In 4 weeks the figures were as 
follows: 

Liquid: Mobil. 84°, periost. react. 0.81, resorp. 0.63, histol. 1.40 

Sediment: „ 38°, „ „ 1.42, „ 1.00, „ 1.67 

Control: „ 37°, „ „ 1.14, „ 1.14, „ 1.79 

The number of animals was small, hut the findings sug- 

gest that there may he an active agent, which is not soluble 
in physiological saline solution. All the fractures in the first 
series had a mobility of more than 15°, while in 4 out of 10 
fractures of the second series 15° was the maximum range. 

A double dose of the sediment was then injected into the 
healthy side; the experimental conditions were otherwise the 
same. The number of subjects was 10; the figures were as 
follows: Mobility 36° (37°), periosteal reaction 1.55 (1.14), 
resorption 1.50 (1.14), histological assessment 1.86 (1.79). 
Thus the result was better than when the injection was made 
into the fracture site. 

In another experimental series 15 gm. of abraded epithelium 
of ox bladder were extracted for 48 hours with 100 cc. of 
distilled water in an ice-box, after which sodium chloride 
was added to give a concentration of 0.9 per cent. After 
centrifuging 0.2 cc. of the aqueous extract was injected into 
7 rats twice a week for 4 weeks. The injection was made 
into the seat of the fracture itself. The figures for healing 
were as follows: Mobility 79° (37°), periosteal reaction 1.00 
(1.14), resorption 0.86 (1.14), histological assessment 1.37 
(1.79), i.e. decidedly poorer than the normal. 

The cellular remains were suspended in 100 cc. of physi- 
ological saline solution, and tested on 6 rats under the same 
experimental conditions. The result showed no acceleration 
of the healing after 28 days. The figures were: Mobility 58° 
(37°), periosteal reaction 1.33 (1.14), resorption 0.92 (1.14), 
histological assessment 1.85 (1.79). 
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Another preparation of epithelium of ox bladders was 
made by washing the epithelium abraded from 100 bladders 
three times in physiological saline solution and suspending 
30 gm. in 100 cc. of saline solution. This preparation, which 
was thus twice as concentrated as the former, was kept for 
a fortnight in sealed ampoules and then tested on 32 rats. 
12 animals were given 5 injections of 0.2 cc. into the healthy 
side and were killed after a fortnight. The figures show im- 
proved healing. The following mean figures were obtained: 
Mobility 54° (78°), periosteal reaction 1.12 (0.53), resorp- 
tion 1.00 (0.36), histological assessment 1.73 (1.44). 11 sub- 
jects were treated for 21 days with 8 injections of 0.2 cc. 
The figures were as follows: Mobility 53° (53°), periosteal 
reaction 1.32 (0.84), resorption 1.23 (0.76), histological as- 
sessment 1.81 (1.65). After 4 weeks the figures relating to 
the remaining 9 animals, which had been given 11 injections 
were as follows: Mobility 50° (37°), periosteal reaction 1.06 
(1.14), resorption 1.06 (1.14), histological assessment 1.70 
(1.79). These three series show that in the first series the 
preparation was active 4 weeks after its preparation. In the 
second series, only the later figures were somewhat increased. 
In the third series all the figures were lower than those in 
the controls. Abscesses were found at the site of injection 
in several cases of this series. There was no bone formation 
at the site of injection. 

In order to ascertain whether the abraded epithelium might 
possibly keep better in the form of powder, part of it was 
dessicated at 42° C. immediately after preparation and two 
months later it was suspended in physiological saline solu- 
tion. It was tested in 10 animals, 0.2 cc. being injected into 
the healthy side. After a fortnight the figures were as follows: 
Mobility 104° (78°), periosteal reaction 1.00 (0.53), resorp- 
tion 0.95 (0.36), histological assessment 0.67 (1.44). The last 
figures are certainty higher than the normal, but the firmness 
was decidedly less. 

Another portion of the abraded epithelium was boiled for 
half an hour and then stored in ampoules. This preparation 
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was tested in 10 animals with 8 injections of 0.2 cc. injected 
during 3 weeks into the healthy side. The results correspond 
with the normal, and were as follows: Mobility 88° (53°), 
periosteal reaction 0.90 (0.S4), resorption 0.85 (0./6), histolo- 
gical assessment 1.64 (1.65). This seems to suggest that the 
active agent was not thermostable. 

The preceding experiments suggest that the epithelial cells 
of the bladder (in rats, rabbits and oxen) contain a substance 
which promotes the healing of fractures. This substance does 
not keep very well in the cells; it is presumably thermolabile 
and is insoluble in water. In the fresh state it exerts both a 
local and a resorptive action, and seems to be associated with 
the solid constituents of the cell body. 

In order to avoid the possibility of a local action on the 
fracture, the preparations were injected intramuscularly into 
the femur of the healthy side in all the following experiments. 

In the following experiment the possibility of extracting 
the active agent with alcohol was investigated. 25 cc. of fresh 
epithelium abraded from ox bladders was washed in physio- 
logical saline solution, suspended in 100 cc. of 70 per cent 
alcohol and extracted for one hour while being shaken. After 
centrifugation the alcoholic phase was mixed with 25 cc. of 
physiological saline and evaporated in a vacuum to 25 cc. 
This preparation was tested in 10 rats, 0.3 cc. being injected 
9 times in the course of 3 weeks. The sediment from the 
extraction was also tested in 10 rats, 0.2 cc. being injected 
4 times in the course of two weeks. The results obtained with 
the alcoholic extract were: Mobility 61° (53° ), periosteal 
reaction 1.40 (0.84), resorption 1.35 (0.76), histological assess- 
ment 1.81 (1.65). For the residue the figures were as follows: 
Mobility 85 (7S C ), periosteal reaction 1.10 (0.53), resorption 

0.95 (0.36), histological assessment 1.64 (1.44). In both series 
the firmness was on the average a little less than the normal, 
but in the first series the mobility was below 45° in 70 per 
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cent (normal 47 per cent), and in the second series in 40 
Per cent (normal 14 per cent). As this experiment, without 
showing anything definite, pointed in the direction of im- 
proved healing after injection of the alcoholic extract, another 
and more concentrated preparation was made by extracting 
the abraded epithelium of 25 ox bladders for 48 hours in 
400 cc. of 70 per cent alcohol and separating by centrifuga- 
tion. The alcohol was evaporated in a vacuum at 35° C. to 
about 75 cc., and this solution was kept in a refrigerator till 
the next day. During the evaporation, minute precipitations 
appeared in the liquid, and next day a sediment had collected 
which was separated by centrifugation and suspended in 
physiological saline solution up to 75 cc. This preparation 
was tested in 11 rats, each being given 12 injections of 0.2 cc. 
After 4 weeks the following results were obtained: Mobility 
21° (37°), periosteal reaction 1.73 (1.14), resorption 1.86 
(1.14), histological assessment 1.92 (1.79). This result is 
decidedly better than the normal, particularly considering 
that the mean figure relating to mobility is normally 28° 
after 56 days. Only one of the fractures in this experimental 
series had a mobility exceeding 35°, and in 73 per cent the 
mobility was less than 15° (26 per cent in the controls). 

The clear aqueous phase from the centrifugation was tested 
in 11 rats with the same arrangement of the experiment. The 
figures were as follows: Mobility 37° (37°), periosteal re- 
action 1.27 (1.14), resorption 1.32 (1.14), histological assess- 
ment 1.80 (1.79). This result stresses the fact that the active 
agent had been extracted with alcohol. 

The keeping qualities of suspensions of the substance ex- 
tracted with alcohol were then examined after the preparation 
had been kept in a refrigerator for iy 2 months. 10 rats were 
given a double dose, and, after 4 weeks, showed the follow- 
ing figures: Mobility 28° (37°), periosteal reaction 1.62 (1.14), 
resorption 1.46 (-1.14), histological assessment 1.88 (1.79). 
The mobility of half, the number of fractures was less than 
15° as compared with the normal 26 per cent. Thus there 
was still some effect, though it was rather less than before. 
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Fig. 12. 

Cumulative curves showing the effect of the lecithin fraction from the 
epithelium of the urinary bladder after 28 and 56 days. 

(The thin curves are controls). 


After the same period half a dose was tested in 12 subjects. 
The figures showed no definite deviation from the normal. 

The next experiment comprised the testing of four pre- 
parations which had been made as follows: Epithelium-abraded 
from ox bladders was washed repeatedly in physiological saline 
solution. The sediment was extracted with 70 per cent alcohol 
for about 24 hours, after which the alcohol was evaporated 
at a temperature below 40° C. The alcohol was extracted 
with ether and, after admixture of acetone, greasy yellow- 
brown masses were precipitated; these were suspended before 
use by shaking with distilled water. A 1 per cent suspension 
was used in the first experiment and 2 per cent suspensions 
in the others. The results were as follows: 

The mean figures for the last three preparations, which 
were of the same strength, are as follows with regard to 
mobility and radiographic assessment: Number of subjects 69; 
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Prep. 

No. 

of animals 

Mobility 

Periosteal 

reaction 

Resorp- 

tion 

Hist, asseess- 

ment 

Max. mo- 
bility 15° 

8/13 (1 %) 

12 

O 

O 

1.37 

1.25 

1.92 

42% 

7/90 (2 %) 

12 

24° 

1.58 

1.37 

1.83 

58% 

8/24 (2 %) 

30 

12° 

1.30 

1.25 


67 % 

8/32 (2 %) 

27 

25° 

0.83 

0.89 


41 % 

Controls 

57 

37° 

1.14 

1.14 

1.79 

26% 


mobility 19°; periosteal reaction 1.17; resorption 1.13; max- 
imum mobility 15° in 55 per cent. When these figures are 
compared with the control figures, it is clear that the firmness 
is greatly increased. On the other hand, the reaction seen in 
the radiographs is not increased and, consequently, the firm- 
ness must he supposed to he due largely to fibrous healing. 
The cumulative curve for the mobility of the last three 
specimens showed a marked displacement to the left (Fig. 12, 
page 466). 

As the active agent might exert its effect on the connective 
tissue only, and perhaps even delay the actual healing, pre- 
paration 8/32 was injected in doses as stated above for 4 
weeks, and the animals were then left untreated for another 
4- weeks. The result was as follows: 


Prep. 

No. 

of animals 

Mobility 

Periosteal 

reaction 

Resorp- 

tion 

°lo of animals 
with max. mo- 
bility 15° 

8/32 (2 %) 

50 

7° 

2.07 

1.95 

88 % 

Controls 

43 

28° 

1.63 

1.53 

42 % 


This result confirmed the previous findings and also 
showed that the increased fibrous firmness was followed by 
osseous consolidation. The same appears from the cumulative 
curves representing periosteal reaction and resorption (Fig. 
13, page 468). 

The aqueous phase from the alcohol extract from pre- 
paration 7/90 was injected into 11 animals in injections of 
0.2 cc. 3 times a week for 4 weeks with the following results: 
Mobility 36° (37°), periosteal reaction 1.27 (1.14), resorp- 


30 Acta orthopaedica, vol. XIX, 4 
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Fig. 13. 

The effect of the lecithin fraction from the epithelium of the bladder on 
the healing of fractures as judged from the radiographs. 

(The thin curves are controls). 


tion 1.41 (1.14), histological assessment 1.92 (1.79). This 
did not seem to produce any great effect. 

1 lie fats which were present in the ether extract hut were 
not precipitated by acetone were tested in two series. The 
fats were dissolved in oil, and 0.2 cc. was injected three times 
a week for 4 weeks: 


Prep. 

No. 

of animals 

8/33 

24 

8/24 

30 

Controls 

57 


Periosteal 
Mobility reaction 

3 7° 1.44 

23 0 1.13 

37° 1.14 


Resorp- 

Max. mo- 

tion 

bility 15° 

1.21 

2 9 Vo 

1.17 

40 % 

1.14 

29 % 


The greater part of the active agent seems to he precipitated 
by acetone, and thus accompanies the lecithin fraction. 

As an additional control of the extraction experiments 
stated above, 10 gm. of crude lipoid was extracted from all 




HEALING OF FRACTURES 


469 


the tissues of the bladder. This crude lipoid was fractionated 1 
into sphingomyelin (1.48 gm.), cephalin (2.3 gm.), lecithin 
(2.6 gm.) and a fraction presumably consisting of cerebro- 
sides (0.4 gm.). 

No. Periosteal Resorp- Max. mo- 

of animals Mobility reaction tion bility 15° 


Total bladder extract 25 33° 1.36 1.34 44 % 

Sphingomyelin 15 34 ° 1.03 1.07 20 % 

Cerebrosides ( ?) 15 37° 1.20 1.10 27 % 

Cephalin 15 51° 1.20 1.17 20 % 

Lecithin phase 26 28° 1.27 1.21 54 % 

Controls 57 37° 1.14 1.14 26 % 


Even though the deviation was less than when prepara- 
tions made of epithelium of the bladder only were used, the 
mean figures relating to mobility, and in particular the per- 
centage of fractures with a maximum mobility of 15°, still 
show that the active factor is present in the lecithin fraction. 
Radiography did not reveal any great deviation from the 
normal in these experiments either. 

Thus the final result of these investigations into the effect 
of epithelium of the bladder on the healing of fractures is 
that the epithelial cells contain a substance of resorptive action 
which accelerates the healing of fractures (about 100 per cent 
in the experimental material), and accompanies the lecithin 
fraction in the course of preparation. The increased firmness 
seems first to depend on fibrous healing, followed by osseous 
healing. Thus the substance is not actually osteogenetic. Bone 
formation was never found at the sites of puncture. 

Sperm. 

In view of the results of the influence of epithelium of the 
bladder on the healing of fractures described in the preceding 
pages, experiments were made with injection of spermatozoa. 
The joreparation employed was a suspension of fresh sperm- 


1 The fractionation was kindly undertaken by Frank Lundquist, ci\ il 
engineer, M.Sc. 


30 * 
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atozoa of bulls (supplied by the Royal Veterinary and Agri- 
cultural College) ; counts showed about 59,000 spermatozoa 
per cubic millimetre. 0.1 cc. of the suspension was injected 
into the fracture site twice a week for 3 weeks. This series 
comprised 10 subjects, and gave the following results: 
Mobility 84° (53°), periosteal reaction 1.15 (0.84), resorption 
1.00 (0.76), histological assessment 1.24 (1.65). Thus there 
was definitely less firmness, even though the periosteal re- 
action was increased. 


Medullary Tissue. 

As previous examinations had shown that the epithelial 
cells of the bladder contained a substance promoting the 
healing of fractures, it was natural to examine whether bone 
marrow, the site of maturation of the cells of the blood, would 
also influence the healing of fractures. The marrow was 
aspirated from the bones of 5 rats, and immediately suspended 
in physiological saline solution. It was injected 5 times in two 
weeks into the healthy limb of 9 rats. The result was as 
follows: Mobility 95° (78°), periosteal reaction 1.00 (0.53), 
resorption 0.89 (0.36), histological assessment 1.46 (1.44). 
In this case, too, there was less firmness, though both .the 
periosteal reaction and resorption were increased. 


Extract of Brain Tissue. 

The active agent in the epithelium of the bladder was 
obtained from the lecithin fraction. A similar preparation of 
rats’ brains was made. It contained 1.50 per cent of lecithin 
in physiological saline solution, and 0.3 cc. was injected twice 
a week for 4 weeks into the healthy leg of 12 rats with the 
following: Mobility 25° (37°), periosteal reaction 1.33 (1.14), 
resorption 1.25 (1.14), histological assessment 1.96 (1.79); 
this suggests some effect, though hardly so great as that 
exerted by preparations of epithelium of the bladder. 33 per 
cent of the animals treated had a maximum mobility of 15° 
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(normal 26 per cent) and 83 per cent had a maximum 
mobility of 45° (normal 65 per cent). 

Choline chloride, which is present in lecithin, was also 
tested, 0.3 cc. of 1.5 per cent solution in physiological saline 
was injected into 12 rats twice a week for 4 weeks; the follow- 
ing figures were obtained: Mobility 34° (37°), periosteal reac- 
tion 1.29 (1.14), resorption 1.33 (1.14), histological assessment 
1.98 (1.79); thus there was no change in the healing of the 
fractures. 


Extract of Liver Tissue. 

The livers of 25 rats were extracted with alcohol and ether 
and precipitated with acetone; 0.2 cc. of a 2 per cent suspen- 
sion of this preparation in physiological saline solution was 
injected 11 times in the course of 4 weeks into 12 rats. The 
result showed a distinct improvement of the healing: Mobility 
17° (37°), periosteal reaction 1.62 (1.14), resorption 1.50 

(1.14) . In 54 per cent of the fractures the maximum mobility 
was 15° (normal 26 per cent). Pig’s liver was prepared in 
the same way and injected in the same doses into 32 rats; 
the results were: Mobility 28° (37°), periosteal reaction 1.28 

(1.14) , resorption 1.37 (1.14). 34 per cent had a maximum 
mobility of 15° (normal 26 per cent). Thus the results were 
less marked than in the preceding experiment, though the 
healing had been distinctly accelerated. A mobility of 2S° 
normally corresponds to 8 weeks’ healing time. 


Extract of Stomach Tissue. 

Hog’s stomachs, which are otherwise used for the ju-oduc- 
tion of ventriculin, were also prepared in the same way, and 
0.2 cc. of a 2 per cent suspension in physiological saline was 
injected 11 times into 22 rats. All the figures were poorer 
than the normal figures of healing. 

In conclusion it may he mentioned that extracts of blood 
(400 cc.) and striated muscle were also prepared, hut in both 
cases' the outcome was minimal. 
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Comment. 

The healing of a fracture is made up of a number of 
component processes, each of which depends on a number 
of factors. The healing depends on the nature, localisation 
and reduction of the fracture. The actual healing process, 
which consists in the formation of an osseous bridgelike, 
union between the fractured ends of the hone, follows quite 
a definite course, hut is influenced by the different factors 
mentioned above. In the present work the possibility of 
influencing the course of healing by injections of tissue or 
tissue extracts has been investigated. 

The healing of one particular type of fracture, fracture 
of the diaphysis of the femur of white rats, was analysed 
quantitatively and in detail. It appeared that the course of 
healing could be assessed numerically by testing the firmness 
of the fracture and bj' radiographic and histological examina- 
tion. The healing is best represented by assessment of the 
degree of firmness. The radiographic appearances approx- 
imately reflect the course of healing, but may not follow it 
exactly. The histological assessment of the healing is useful 
during the first four weeks, but a close analysis of the single 
components showed that it is less accurate than the other 
two methods. 

A number of tissues and tissue extracts were tested. It was 
found that the epithelium of the bladder contained a substance 
which was insoluble in water, but was soluble in 70 per cent 
alcohol and ether; it was precipitated by acetone. This sub- 
stance had a resorptive action; it did not cause any local 
irritation. It gave a negative ninhydrin reaction. 

It is presumably a lipoid; it accompanies the lecithin 
fraction and seems to he thermostable. It does not seem to 
he osteogenelic in the true sense of the word, since an in- 
creased firmness of the fractures is found without correspond- 
ing radiographic changes, but increased firmness provides 
better conditions for healing. The effect seems to depend on 
a primary fibrous healing, and its action seems to be nlainly 
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a more rapid ripening of the connective tissue. That the 
epithelium of the bladder should contain a factor having a 
specific osteogenetic effect is hardly probable. It seems more 
reasonable to suppose that the rapidly growing epithelium of 
the bladder contains a substance which is of importance to 
the growth and ripening of cells. Correspondingly, no hetero- 
geneous formation of hone was ever found after injection of 
this extract. The factor caused the percentage of healing to 
rise from 26 to 55 (after 4 weeks). 

Extracts of other organs were tested by the same technique. 
Liver extracts gave varying results. An extract of homologous 
hepatic tissue caused a rise of- the percentage of healing from 
26 to 54, whereas heterologous liver extracts were of doubtful 
effect. An extract of homologous brain tissue did not produce 
an5^ certain improvement in spite of the high lecithin content 
of the brain. This suggests that the active factor either is only 
a fraction of lecithin, or accompanies the lecithin fraction. 
Heterologous stomach extract had no effect, and heterologous 
extracts of blood and striated muscle were so poor that they 
were not tested. 


SUMJIAR Y 

The course of healing of diaphyseal fractures of the femur 
in 271 rats was examined. It was estimated by assessing the 
degree of firmness and the radiographic and histological 
appearances. 

Employing this normal material as controls, the influence 
of a number of tissues and tissue extracts on the healing of 
fractures was examined. The epithelium of the urinary bladder 
contains a factor which accompanies the lecithin fraction ; 
this factor has a resorptive effect, and causes the percentage 
of healing after 4 weeks to rise from 26 to 55. Extracts of 
liver tissue produced somewhat varying results; extracts of 
heterologous brain tissue had no certain effect, and extracts 
of heterologous stomach tissue had no effect at all. 



474 


ESKELUND and PLUM 


RESUME 

Le cours de la guerison de fractures diaphysaires du femur 
a ete examine dans 271 cas. II a ete evalue en etablissant le 
degre de fermete de la fracture et en se basant sur les aspects 
liistologiques et radiographiques. 

Utilisant ce materiel normal a litre de controle, l’influence 
d’un certain nombre de tissus et d’extraits de tissus sur la 
guerison des fractures a ete examinee. L’epithelium de la 
vessie contient un facteur qui accompagne la lecithine ; ce 
facteur a un effet de resorption et fait monter au bout de 
quatre semaines le pourcentage de guerison de 26 a 55. L’ex- 
trait du tissu du foie produit des resultats tant soit peu 
durables et les extraits de tissu heterogene du cerveau n’ont 
pas d’effet certain, ceux de tissu heterogene d’estomac ab- 

solument aucun effet. 

* 

ZUSAMMENFASSU N G 

Der Heilungsverlauf von Diaphysenbriichen des Femurs 
in 271 Ratten wurde untersucht. Er wurde beurteilt nach dem 
Grade der Festigkeit des Bruches und den histologischen und 
rontgenologischen Bildern. 

Indem man dieses normale Material zur Kontrolle ver- 
wendete, wurde der Einfluss einer Anzahl von Geweben und 
Gewebsextrakten auf die Bruchheilung untersucht. Das Epi- 
thet der Harnblase enthalt einen Faldor, der mit der Lecithin- 
fraktion verbunden ist. Dieser Faktor hat eine resorptive 
Wirkung und verursacht eine Erhorung des Heilungspercent- 
satzes nach 4 Wochen von 26 zu 55. Lebergewebsextrakte 
gebcn einigermassen variierende Resultate, Extrakte von 
heterologein Geliirngewebe batten keinen sicheren Effekt und 
Extrakt von heterologem Magengewebe hatten iiberhaupt 
keinen Effekt. 
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SOME EXPERIENCES WITH A BONE BANK 

By 

LENNART HULT, M.D. 

Transplantation of b one is a frequent procedure in ortho- 
paedic surgery. Hitherto, autogenous transplantations have 
been usual, bone being taken from the same individual, usually 
from a tibia or iliac crest. The disadvantage of this form of 
transplantation is the longer and more severe operation, and 
the rather lengthy post-operative inconvenience from the donor 
site. In homogenous grafting, bone is transplanted from one 
individual to another. A successful operation of this kind was 
performed as early as 1878 by MacEwen, and has since been 
described by a number of authors, for both experimental ani- 
mals and humans. However, a more systematic use of homo- 
genous transplantation has only come into use in the last 2-3 
years. In 1947, publications were issued from two different 
hospitals in New York, reporting good results of 100 operations 
of this type of bone grafting. The novelty lay in the fact that 
the transplant of bone had been preserved for varying periods 
in a frozen condition. This method of storage makes it possible 
to have bone grafts always available for use. A bone bank 
consists of bone removed at operations and stored in a sterile 
frozen condition for later use. 

The organisation of a bone bank is based on the following 
facts and assumptions: 

1) Homogenous and autogenous bone are equally useful; 
m both cases the graft dies, but its presence acts on the sur- 
rounding connective-tissue in such a way that it is transformed 
mto bone by metaplasia. Thus, both act in the same way as 
the cell-free alcohol-extract of bone with which Leuander and 
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others were able to induce bone formation in the muscles of 
rabbits. As the vessels accompanied by connective tissue grow 
into the Haversian canals of the graft, bone is formed and 
gradually the entire graft is reconstructed to form new living 
bone by “creeping substitution”. 

2) Neither the blood group nor the Rh factor are of 
significance, and no attention need be paid to them. 

3) Bone can be stored in sterile containers in an ordinary 

refrigerator (+ 2-+ 6°) for three weeks, and at 15--^ 25° 
indefinitely. _ 

4) The donor must be controlled. Thus, bis WR must be 
negative. Spirocliaeta stored at 78° were found to be still 
virulent after 4 months. He should have no history of infection 
for some time before the graft is taken. His sedimentation rate 
should preferably be normal. 

5) Sulphonamides interfere with the calcification process. 

6) The bone grafts should be stored dry. Carrel reported 
before 1920 that transplanted tissues e.g. bone, skin or other 
substances stored in Ringer’s solution either do not heal or heal 
less well than when stored dry. In accordance with Levander’s 
tests, this might he due to extraction of the osteogenetic active 
substance by the Ringer’s solution. 

7) Cortical hone is the best for stability, spongiosa for 
osteogenesis. 

•In transplantation a hone graft has a threefold function. 

a) It gives stability. 

b) It stimulates osteogenesis. 

c) It serves as a matrix for the bone formation which as- 
sumes the shape and extent of the graft. 

At the Orthopedic Clinic of the Karolinska Institute a hone 
hank was instituted in September 1948. Some of the hone is 
supplied by the clinic of thoracic surgery and consists chiefly 
of ribs from operations in non-infectious cases; some, consist- 
ing mostly of ribs and vertebral spinous processes, by the 
neurosurgical clinics; and some by the Orthopaedic Clinic, 
from amputations and other operations. Bone which is to be 
stored is divested of all its soft parts and placed in an ordinary 
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.preserving-jar immediately after the operation. The jar has 
been previously sealed and sterilised in an autoclave. After 
receiving the hone, it is re-sealed and transferred to a deep 
freezer, where the temperature is kept at -=- 13--f- 15°. Before 
use the jar is removed to room-temperature for 30-60 minutes. 

We have now used hone-hank hone from 75 different hone 
donors in 48 operations, with apparently goods results in every 
case. In 4 cases there was a slight wound-infection, which 
scarcely had any connection with the transplant. As far as 
can be judged from an observation period of not less than 
four months, the healing can he said to have taken place in a 
normal way. Bone from the hone bank has mainly been used 
for spinal fusions. 12 were cases of scoliosis and 27 of lumbar 
disc-degeneration. There were also 3 cases of arthrodesis of the 
hip; 3 of pseudarthrosis, 1 of which had a large femoral cyst; 
1 shelf-operation for the hip, and 1 of arthrodesis of the 
wrist. The hone was generally cut into small chips, partly 
to fill out all the recesses and partly to enlarge its surface, 
as, according to the above, hone formation proceeds from the 
surface of the graft. The transplant was used whole only when 
aiming to obtain stability; it was then usually taken from the 
femur or tibia. In these cases it was generally surrounded by 
small pieces of spongiosa hone. 

When the containers were opened, small pieces of hone 
were cultured as controls. 11 samples, from 68 donors, gave 
a sparse growth of non-pathogenic or doubtful pathogenic 
staphylococci, and 1 a growth of pathogenic streptococci. Bone 
giving a positive culture was used in 9 cases without any ap- 
parent complications of any kind. Of the 4 cases in which 
slight infection occurred, the culture of the graft was positive 
in 1. The remaining 8 cases receiving grafts with positive cul- 
ture showed perfect healing, including the case which received 
the hone with streptococci. The longest period of hone-storage 
before use was 67 days. 

In summarising, it can be said that our experience with the 
bone bank has been very satisfactory; its use reduces the 
time and the severity of operation, and this is essential. 
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Operations which one would not otherwise dare attempt 
can be performed, and, as more bone is available than the 
patient himself could provide, both a more certain osteogenesis 
and a more stable osteosynthesis is obtained. Probably bone 
taken from a corpse, or even from an animal, might he used 
with equally good results, but, as our supply has hitherto 
been good, this question has not yet arisen. 


SUMMARY 

The theoretical and practical requirements of a hone bank 
were discussed. Bone can be kept sterile at -s- 15’C for practic- 
ally as long as one likes. At the Orthopaedic Clinic of the 
Karolinska Institute bone from the bone bank, taken from 75 
different donors, has been used for 48 operations, with good 
results in all cases. The use of stored bone means that in many 
cases there is a considerable reduction in the severity of the 
operation, and it is recommended for this reason. 


RESUME 

Discussion sur les conditions theoriques et pratiques de 
la constitution d’un stock d’os. On pent maintenir la sterili- 
sation des os aussi longtemps qu’on le desire en les conservant 
a une temperature de moins 15°. A la Clinique Orthopedique 
de l’lnstitut Karolinska, des os provenant de storcks fournis 
par 75 differents donateurs, ont ele utilises dans 48 operations 
avec de bons resultats dans tous les cas. L’emploi d’os stockes 
signifie que Ton peut dans beaucoup de cas reduire con- 
siderablement la gravite de l’operation est c’est pourquoi on 
le recommande. 

ZUSA M MENFASSU N G 

Die theoretischen und praktischen Forderungen einer Kno- 
chenaufbewalirungsstelle (Knochenbank) werden besprochen. 
Bei a- 15 Grad Celsius kann man Knochen steril bewahren so 
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lange als man wiinscht. An der Orthopadischen Klinik des 
Karolinska Institutes wurde Knochen von der Knochenbank 
verwendet, der von 75 verschiedenen Spendern entnommen 
war. Dies geschah in 48 Operationen und die Resultate waren 
gut in alien Fallen. Der Gebrauch von aufbewahrtem Knochen 
bedeutet in vielen Fallen eine betrachtliche Verringerung der 
Schwere der Operation und wird deshalb anbefohlen. 



FROM THE UNIVERSITY CLINIC DEPT. C (SURGEON IN CHIEF: 
PROF. E. DA IIL-I YERSEN, M.D.) THE RIGSIIOSPITAL, COPENHAGEN 


ON TRANSPLANTATION OF CANCELLOUS BONE 
FROM THE ILIAC CREST 

BY 

ARNE BERTELSEN and EIVIN HASNER 
INTRODUCTION 

The treatment of haema togenous and fracture osteomj'e- 
litis, pseudarthro ses, facial skeletal defects and other bony 
lesions has always aroused considerable interest. Numerous 
clinical and experimental papers on these subjects have 
appeared. 

Although there are still unsolved problems and divergent 
opinions on the subject, it may generally he said that good 
results depend mainly on the radical removal of all diseased 
tissue, adequate skin and soft tissue covering and transplanta- 
tion of hone to the defect. 

Living autogenous hone transplants can he classified in 
the following way: 

1) transplants of whole hone ( Ollier 1860, Eloisser 1920, 
Sauerbruch 1922, Graham & Riordan 1948, van Nes 1948). 

2) osteo-periostal transplants ( Delageniere 1921, Mathieu 
1926, Campbell 1931). 

3) transplant of cortical bone with or without periosteum, 
usually taken from the tibial diaphysis ( Maragliano 1919, 
Albee 1913, Bristow 1934). 

4) cortical bone chips ( McEven 1912, Osgood 1926, Bull 
1928). 

5) block-grafts of cancellous bone, usually taken from the 
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iliac crest ( Lindemann 1916, Partsch 1922, Pntti 1929, 
Albee 1929, Hybinette 1932, Lance 1926). 

6) block-grafts of cancellous bone + chips, usually taken 
from the iliac crest, or, more rarely, from the greater 
trochanter ( Partsch 1922, Schumm 1929, Matti 1932, 1936, 
1939, Henderson 1933, Mowlem 1941-44). 

7) cortical block transplants + cancellous chips. 

Only the main methods and not all the variations in tech- 
nique are mentioned. Thus the os novum technique, cortico- 
cancellous sliding grafts, and other modifications are not 
grouped separately. 

In this paper the indications for and the results of the two 
last methods, particularly that of cancellous chip grafts from 
the ilium are discussed. 


Earlier Clinical Investigations. 

Block grafts of cancellous iliac bone are generally said to have been 
introduced by Lindemann in 1926. About the same time Gillies and his 
co-workers bega to use block grafts for the treatment of mandibular 
defects. In 1927 Partsch reported one case of mandibular defect treated 
with a cancellous graft from the ilium, and in 1927 one further case. 
In 1932 Matti reported that he had started using cancellous grafts during 
the first world war. Risdon recommended their use in 1922, Ivy & Eyes 
in 1927 — all for mandibular defects. 

In recent years there have been many publications which have gener- 
ally confirmed the value of cancellous chip grafts for the mandible, e.g. 
Cuthbert (1944), Converse (1945), Blocker and Weis (1946), Clarkson, 
Wilson & Lawrie (1946), Blocker (1948), Blocker & Stout (1949). 

In 1932 Matti published an experimental -work on transplantation of 
cancellous hone from the pelvis, the trochanter, and the femoral dia- 
physis. In 1936, in a clinical work on the treatment of pseudarthroses, 
he reported the use of cancellous bone from the trochanter, and in 1939, 
in a paper on arthrodesis of the hip, the use of cancellous bone from the 
iliac crest. « 

Although plastic surgeons have agreed from the beginning on the 
value of cancellous bone grafts, Mclndoc, in 1941, was the first to stress 
that cancellous hone from the ilium is the most suitable for plastic 
operations on the face and skull. He prefers block grafts. 

the indications for purely plastic grafting operations have been de- 
scribed by Stuarl Gordon (1946) and Macomber (1946). Both authors 
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believe that autogenous cancellous chips give better results than other 
material (cartilage, allo-transplants, and bank-bone). 

Especially due to Mowlem' s papers (1941-44) the indications for the 
use of cancellous bone chips were widened. In recent years they have 
been increasingly used in surgery of the jaw, in plastic surgery, and in 
limb surgery and orthopaedics. 

In the treatment of osteomyelitis, whether haematogenous or fol- 
lowing fractures and gunshot-wounds, all writers stress the importance 
of radical removal of all diseased tissues, and some also call attention 
to the importance of a solid skin and soft-tissue covering. In all series 
the percentage of primary healing has been about 90. (Coleman, Bateman, 
Dale & Starr 1946, Abbott, Bost, Schottslaedt, Stern & McCorkle 1946, 
Carpenter, Rosenfehl & Mech 1946, Higgs 1946, Moon 1944, Robertson & 
Barron 1946). 

In 1948 Hogeman reported the first Scandinavian series of nine cases 
of whom seven had osteitis or osteomyelitis, and two pseudarthrosis. 
One had been observed for eleven months, two for six months, and the 
rest for less than three months. In two cases with partial skin necrosis 
the granulating surface was grafted three to four weeks after the first 
operation. There had so far been no evidence of relapse. 

Key in 1943, and Dick in 1948 used iliac chips for pseudarthroses, and 
for arthrodesis of various joints, especially where stability could be 
obtained without the use of a cortical graft. Dick stresses that any cor- 
rection of the position must be performed early, because by the fourteenth 
day union is often so far advanced that correction is difficult. 

Higgs (1946) and Bishop, Stauffer & Swenson (1947) prefer to com- 
bine cortical tibial grafts with ilium chips in the treatment of pseud- 
arthroses. Higgs used this combination in 40 out of 60 cases, and found 
that healing occurred twice as fast as when cortical transplants were 
used alone. 

For pseudarthroses Horwitz & Lambert (1947) prefer to combine iliac 
grafts with a Lane’s plate or vitallium screws, since he found that bone 
grafts when used alone gave 83 9c union, and when combined with 
fixation material gave 90 % union. In these views they differ from the 
majority of authors, who generally agree that, as far as possible, it is 
best to use bone grafts alone, in particular cancellous b one grafts. Sup- 
plementary plating or bolting should only be used if fixation and im- 
mobilisation cannot be obtained in any other way. 

Karlen (1944) uses cancellous chips and block grafts for athrodesis 
of the hip. 

King (1948) uses block grafts and iliac chips for spinal fusion and 
reports satisfactory consolidation in 90 9c of cases. This is confirmed by 
experiments performed by Ghormley & Stuck, and confirmed clinically 
by Break & Basom (1943). 


31 Acta orthopaedica, vol. XIX, 4 
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Earlier Experimental Works. 

The clinical results of cancellous grafts show a healing percentage of 
90-95 %, as compared with 80-85 % for other forms of bone grafting. 
It has not been possible to confirm these clinical results experimentally, 
mainly because of our insufficient knowledge of the biology of bone 
growth and of the main factors influencing it. For this reason “pure” 
experiments are very difficult to plain. 

The numerous investigations with different types of transplants 
periosteal, endosteal and cancellous bone, marrow, extracts, os purum 
and bank bone — have shown that all have some osteogenetic effect. 
( Mayer & Wechner 1914, de Jossclin (le Jong & van der Kemp 1928, Orell 
& Engstrom 1943, Lexer 1924, Brooks 1917, Bachkirzev & Nemilov 1912, 
Policard & Leriche 1928, Levander 1938, Annersten 1940, Hellstadius 1943, 
Bcrtelsen 1944). 

Various views have been put forward as to which type has the 
greatest osteogenetic effect. Especially regarding the relative values of 
cancellous and cortical bone are the authors divided. 

There is no doubt about the osteogenetic effect of cancellous bone, 
though some investigators believe that this effect is less than in cortical 
bone ( Hellstadius 1943 a. o.), while others believe that cancellous bone, 
especially in the form of chips, has the greater osteogenetic effect 
( Partsch 1922, Matti 1932, Mowlem 1943). 

Marchand (1901) believed that after transplantation cancellous grafts 
died and were absorbed. He, however, used homotransplants from the 
femoral condyles of dead dogs and implanted them into the frontal 
bones of young dogs. 

Partsch (1922) showed that iliac cancellous bone was still living three 
weeks after transplantations to the mandible. 

Matti (1932) believed that cancellous bone had a better chance of 
survival, because the vessels grow more easily into cancellous transplants 
to join with the vessels of the transplant. Afoio/em is of the same opinion. 
Matti also states that cancellous bone is more resistant to infection in 
the tissues than cortical bone. 

The views of Partsch, Matti and Mowlem remained unopposed until 
Stuart Gordon, working with the bone cytologist Ham, published the 
results of a large-scale experimental work in dogs. They inserted small 
grafts which they removed after different intervals. They showed that 
the grafts were gradually absorbed and replaced by new bone tissue. 
Only a small part of the new bone appeared to be formed from the graft 
itself perhaps from the marrow cells — while the greater part was formed 
b' l^ le recipient tissue which was stimulated to form bone by the jjresence 
of the cancellous graft. 

these results agree with those of Bcrtelsen, who continued Levander’ s 
and Anncrsfcn’s investigations into the induction of bone and cartilage 



TRANSPLANTATION OF CANCELLOUS BONE 


485 


formation in muscles. He showed that extracts of the marrow of young 
bone induced cartilage and bone formation at the site of injection twice 
as often as extracts of periosteum, epiphysis, and cortical bone. 

Abbott, Schottstnedt, Saunders, & Bost (1947) transplanted cancellous 
bone both with and without periosteum and also combined cortical and 
cancellous grafts (ribs) to the abdominal wall of dogs and rabbits. They, 
like Gordon and Ham, found that all mature elements died, while the 
endosteal cells with osteogenetic properties alone survived. Cancellous 
bone had the greatest osteogenetic activity. 

Thus both clinical and experimental observations, which show the 
importance of the red bone marrow for new bone formation, are available. 
Clinical work has also shown that cancellous bone gives better results 
than cortical bone. Recent experimental work must also be regarded as 
supporting this view. 


OWN MATERIAL 

29 cases have been treated since 1947. All were given post- 
operative penicillin for three days or until their temperatures 
were normal. Infected cases were also given preoperative 
penicillin. 

A. 9 cases of chronic hacmatogenous osteomyelitis.. The 
most important details are shown in table 1, pag. 486. 

Thus the majority of the cases were of very long standing. 
In the above table only chisellings are included among pre- 
vious operations, not scraping of sinuses or simple sequest- 
rectomies. Case No. 7 had had a resection of the knee-joint. 

5 cases had sinuses. In 6 direct suture seemed justifiable 
after mobilisation of the skin. In 2 the skin was sutured 
after a counter incision and advancement of the flap. In one 
case, where primary direct suture was tried, a cross-leg-flap 
was necessary later. See Fig. 1. 

Thus the attitude to plastic skin surgery was conservative, 
and it is possible that our experience will lead us to be more 
radical in the future. 

2 cases. Nos. 817/49 and 2035/47, have not been included, 
in the material since they were only treated for residual 
discharge from unstable ulcerating scars, although the hone 
process was healed. Both healed after cross-leg-flap. 

In all cases the bone focus was treated by radical chiselling, 


31 * 



1517/49 12 „ M femur 4 „ 1 4 years direct suture 



TABLE 1 

Chronic haemalogenous osteomyelitis. 
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Fig. 1. 


and the cavities were saucerized and packed with cancellous 
chips from the crest and all of the ilium. Fig. 2 shows the 
radiograph of a case with an active focus before operation, 
shortly after grafting and after healing. Preoperatively there 
had been a discharging sinus. 

The follow-up period is still very short, since up till 1948 
the routine method in this department was packing with peni- 
cillin and sulfathiazole. 3 cases had been observed for less than 
6 months post-operatively, 2 for between 6 and 7 months, and 
only 4 for more than 1 year. No case has a sinus or any 
residual process on the radiograph. In 1 case (No. 8) the leg 
was amputated, 5 months after the osteomyelitis operation, 
for tuberculosis of the ankle-joint. This case also had a spina 
ventosa but neither the anatomical findings nor the micro- 
scopic appearance of the specimen obtained at operation 
showed any evidence of tuberculosis in the tibial focus, nor 
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any connection between the completely healed operation area 
and the tuberculous focus in the ankle. 

In one case discharge persisted for 6 months, and then 
ceased after a small sequestrum of the size and shape of a 
chip had been discharged. In another case a sinus which bad 
not been excised continued to discharge. It was on the medial 
side of the thigh, while the operation had been performed on 
the lateral side. This sinus has recently been excised. There 
was no clinical or radiographic evidence of activity in the 
bone. 

We are inclined to attribute these complications to insuf- 
ficient radical treatment of the skin, rather than to the bone 
grafting method. 

B. 3 cases of infected pseudarthrosis with fracture-osteo- 
myelitis. Table 2, pag. 490. 

In cases 10 and 11 pseudarthroses had been treated previ- 
ously by cortical bone grafts and had also had several seque- 
strectomies. Case 12, which was rather a case of delayed union 
due to the osteomyelitis, had been treated earlier with an 
intramedullary Kirschner wire. 

In case 12 cancellous chips were used alone. In case 11 
they were combined with a block graft from the iliac crest, 
and in case 10 with a tibial graft. 

All three cases have healed without sinus formation. They 
have been followed for 1 to 2% years. Case 11 had a discharge 
from several small fistulae until 3 small sequestra (ununited 
cancellous chips) were discharged. The sinuses then closed. 
In this case the covering skin was thin, tight and chronically 
eczematous. 

C. 3 cases of uninfected pseudarthrosis. Table 3, pag. 490. 

In case 13 a sliding graft and ilium chips were used. In 

case 14 both a whole graft and chips from the ilium and a 
vitallium screw. In case 15 a local cortical graft, iliac chips 
and two vitallium screws. 

Cases 13 and 14 are clinically and radiologicallv consoli- 
dated, but case 15 is still not united 9 months after operation. 
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This case has previously had 6 chisellings for osteomyelitis from 17 
to 3 years before admission. The fracture was 18 months old. At follow- 
up he can hear weight on the leg. He works as manager of a factory and 
uses a stick for walking, but the he feels unsteadiness and there is 20 
degrees’ angulation, open posteriorly, at the fracture line. There was 
already 10 degrees’ preoperative angulation. Radiographically — using 
special views— there is bony contact posteriorly for a small finger’s 
breadth. The rest of the fracture line is not filled in, though there is no 
sclerosis of the edges. Thus there is still a possibility of consolidation, 
but we now realize that the cortical, stabilizing graft should not have 
been taken from pathological, sclerotic bone. 

In these 3 cases there was no difficulty with the skin cover- 
ing. It is well known that the skin may be important for 
consolidation in cases of delayed union and for a satisfactory 
result in pseudarthrosis operations. This is illustrated by an- 
other case from this department. 

A man (nr. 1449/47), age 42 years, has had a compound infected 
fracture of the tibia for 2% years. A sequestrectomy had been performed 
in 1945, chiselling and packing with local chips in 1946, chiselling and 
packing with penicillin and sulfathiazole in April 1947. In July 1947 
there was still a pseudarthrosis with a sinus, and the patient favoured 
amputation in order to shorten his illness. The sinus and poor skin 
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Fig. 4. 


were excised, the bone was drilled and a dermatome graft 4 by 8 cm was 
applied. Five weeks later the skin was solidly healed. There was no sinus, 
and the fracture was clinically firm. 

D. Arthrodesis, 4 cases. 

All cases showed bony union. The result in case 19 is 
shown in fig. 3. 

The functional results are good except in case no. 16, in 
which the patient has pain below the level of fusion as well as 
in the lower thoracic spine, where the spondylosis is pro- 
gressing. 

It is doubtful whether the operation was indicated in this 
case, but the patient’s condition was intolerable because of 
pain in the neck and throat. A rhizotomy of the 2nd and 3rd 
cervical nerves had previously been done by the neurosurgeons 
for the same reason. 

E. Cases of correction of facial skeletal defects. Table 5, 
pag. 494. 

Follow-up examinations have found the patients satisfied 
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with the results. “Re-touching” operations have so far been 
necessary in two cases; thus a small corner of the transplant 
was absorbed in case 20. It was re-grafted. Case 22 was rather 
over-corrected because of this experience, but reabsorption 
did not occur and secondary chiselling of the excessive bone 
was necessary. Case 23 see fig. 4. 

F. Bone defects after operations for tumours and cysts, 8 
cases. Table 6, pag. 495. 

In case 27 there is clinical and radiographic union. The 
other two cases are too recent. 

To summarize, cancellous bone chips from the ilium have 
been used in 29 cases, sometimes combined with whole grafts, 
which were mainly also taken from the ilium. Vitallium 
screws were also used in two cases. Nine cases have been 
observed for less than six months. Of the remaining twenty 
cases there is clinical and radiographic union in all but one. 


SUMMARY 

Clinical and experimental work on ; bone grafting is re- 
viewed, and our own experience is described. 

29 cases are reported. Cancellous ilium chips were used 
in all; in some they were combined with block grafts, mainly 
taken from the ilium. Vitallium screws were also used in two 
cases. All cases received postoperative penicillin treatment. 
9 cases have been observed for less than 6 months. Of the 
remaining 20, 19 show clinical and radiographic union. 

9 cases of long-standing haematogenous chronic osteo- 
myelitis were treated. The bone focus was widened and 
saucerized and packed with cancellous chips. Solid skin cover- 
ing must be provided in these cases. The observation period 
is over 1 year in only 4 cases. 2 had persistent discharge, both 
without radiographic evidence of activity in the bone. From 
one a sequestrum resembling a chip was removed, in another 
the sinus was excised. In both, the discharge stopped. We 
attribute these complications to poor skin covering. 
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3 cases of infected pseudarthroses were treated in the same 
way. All of them healed, 1, with poor skin covering, only after 
the discharge of 3 small sequestra. 3 cases with uninfected 
pseudarthroses were treated by cancellous chips combined 
with a local cortical graft, an ilium graft, and an ilium graft 
+ vitallium screws, respectively. 2 are clinically and radio- 
graphically consolidated, 1 shows only partial union 9 months 
after operation. 

In 4 cases the method was used for arthrodesis, all show 
bony ankylosis. 

In 7 cases cancellous chips were used for defects of the 
facial bones with satisfactory results. 

In 3 cases cancellous grafts were used for hone defects 
following excisions of tumours and cysts. 1 is united; in the 
other 2 the observation time is too short. 


RESUME 

Le travail Clinique et experimental de la transplantation 
osseuse est passee en revue et les propres experiences de l’au- 
teur decrites. 

29 c as sont rapportes. Des fragments spongieux d’os iliaque 
ont ete utilises dans tous les cas ; de plus, des greffes osseuses, 
prelevees principalement de I’os iliaque ont ete utilisees dans 
certains cas et des vis de vitallium dans deux. On a donne 
de la peniciline a tous les malades avant et apres 1’operation. 
9 cas ont ete observes pendant une periode inferieure a six 
mois. Sur les 20 autres, on a constate chez 19 une consolidation 
clinique et radiographique. 

9 cas d’osteomyelite liematogene chronique anciens ont 
ete traites ; on a pratique un currettage etendu du foyer intra- 
osseux que Ton a ensuite empli de fragments d’os spongieux. 
II faut veiller a ce qu’il y ait dans ces cas une solide couche 
dermique. La periode d’observation s’est etendue sur plus 
d’un an dans 4 cas seulement. Dans 2 cas il y a eu suppuration 
persistante hien qu’il ne semblait pas y avoir d’infection os- 
seuse active. Un cas s’est gueri apres extraction d’un sequestre 



498 


BERTELSEN and HASNER 


et 1’ autre apres excision du sinus. Nous attribuons ces - com- 
plications a une couverture imparfaite dermique. 

3 cas de pseudarthrose avec infection ont ete traites de la 
meme maniere ; tous ont ete gueris, I’un apres extraction de 
trois petits sequestres. 

3 cas de pseudarthrose sans infection ont ete traites par 
fragments d’os spongieux combines respectivement avec une 
greffe corticale locale, une greffe d’os iliaque et une greffe 
d’os iliaque + vis de vitallium. 2 montrent une consolidation 
clinique et radiographique ; ehez un autre la jonction n’est 
que partielle neuf inois apres 1’operation. 

Dans 4 cas la methode a ete appliquee contre l’arthrodese : 
il y avait chez tous de 1’ankylose osseuse. 

Dans 7 cas on utilisa des fragments d’os spongieux pour 
reparer des os de la face defectueux et Ton obtint des resul- 
tats satisfaisants. 

Dans 3 cas des greffes d’os spongieux ont ete utilisees pour 
reparer des os a la suite d’ablation de tumeurs ou de kystes. 
II y a eu jonction dans un cas. Dans les deux autres la periode 
d’observation est trop courte. 

ZUSA M M ENFASS U N G 

Das klinisclie und experimentelle Werk iiber Knochen- 
transplantation wird besprochen und die eigenen Erfahrungen 
der Verfassern werden beschrieben. 

29 Falle werden mitgeteilt. Spongioses Gewebe vom Ileum 
wurde in alien Fallen verwendet. Ausserdem wurden in eini- 
gen Fallen solide Spangen, meist vom Ileum entnommen, und 
in zwei Fallen Vitalliumschrauben gebraucht. Alle Falle er- 
hielten pra- und postoperativ Penicillin. In 9 Fallen war die 
Beobachtungsdauer kiirzer als 6 Monate. Von den 20, zeigen 
19 klinisclie und rontgenologische knocherne Heilung. 

9 Falle von lang bestehender hamatogener Osteomyelitis 
wurden behandelt. Der Knochenherd ivurde breit ausgemeis- 
selt und mit spongiosem Knochengeivebe gefiillt. Fiir eine 
Deckung mit solider Haul muss in diesen Fallen gesorgt w'er- 



TRANSPLANTATION OF CANCELLOUS BONE 


499 


den. Die Beobachtungsperiode ist nur in 4 Fallen- liber ein 
Jahr. 2 Falle zeigten persistierende Sekretion, obwohl keine 
Anzeichen fur eine aktive Infektion im Knochen vorhanden 
war. Ein Fall heilte nach Entfernung eines Sequesters, der 
wie einer der transplantierten Knochenspahne aussah. Der 
andre Fall heilte nach Excision der Fistel. Man sucht die Ur- 
sache dieser Komplikationen in ungeniigender Hautdeckung. 

3 Falle von infizierter Pseudarthrose wurden in derselben 
Weise behandelt. Alle heilten, einer erst, nachdem drei kleine 
Sequester ausgestossen worden waren. 

3 Falle von nicht infizierten Pseudarthrosen wurden mit 
spongiosen Knochenspahnen, kombiniert mit lokalem Korti- 
kalisspahn respektive mit Ueumspahn und Ileumspahn mit 
Vitalliumschraube, behandelt. Zwei sind klinisch und ront- 
genologisch konsolidiert. Einer zeigt nur teilweise Vereinigung 
9 Monate nach der Operation. 

In 4 Fallen wurde die Methode zur Arthrodese benutzt. 
Alle zeigen knocherne Ankylose. 

In 7 Fallen wurden spongiose Knochenspahnchen benutzt 
um Defekte der Gesichtsknochen zu reparieren, mit zufrie- 
denstellendem Resultat. 

In 3 Fallen wurden spongiose Knochenspahne verwendet 
bei Defekten die der Excision von Tumoren und Zysten folg- 
ten. Ein Fall zeigt Heilung. In den anderen beiden Fallen ist 
die Beobachtungszeit zu kurz. 


REFERENCES 

Abbott, L. C., F. C. Dost, E. R. Schottstaedt, IF. E. Stern, McCorklc: Surg. 
Gynec. & Obst. 1948:53:101. 

Abbott, L. C., F. C. Bost, E. R. Schottstaedt & I. B. Saunders: J. of Bone 
and Joint Surg. 1947:29:381. 

Annersten, Svante: Acta chir. Scand. 1940:84 :SuppL 60. 

Albce, F.: Surg. Gynec. & Obst. 1914:7S:699. 

— Ann. Surg. 1929:69:5404. 

Armstrong, Basil & T. F. Jarman: J. of Bone and Joint Surg. 1936:78:387. 
Baschkirzew & Nemilov: Deutsche Ztschr. f. Chir. 1912:173. 

Bertelsen, Arne: Acta orthop. Scand. 1944:75:139. 


32 Acta orthopaedica, vol. XIX, 4 



500 


BERTELSEN and HASNER 


Bishop, TV. A., R. C. Stauffer, A. L. Swenson: J. of Bone and Joint Surg. 
1947:29:961. 

Blocker, T. G.: Surg. Gyn. & Obst. 1948:84:553. 

— & I. R. Weis: Ann. Surg. 1946:223:62. 

— & R. Stuart: Plastic and Reconstr. Surg. 1949:4:153. 

Breck, L. TV. & TV. C. Basom: J. of Bone and Joint Surg. 1943:25:58. 
Bristow, TV. R.: Ann. Surg. 1934:200:1043. 

Brooks: Ann. Surg. 1917:66:625. 

Bull, F.: Skrifter utgitt av det norske Videnskaps Akademi i Oslo. 
1928:35. 

Campbell, TV. C.: Surg. Gyn. & Obst. 1932:55:747. 

Carpenter, G. K.: Surg. Gynec. & Obst. 1947:84:765. 

— R. T. Rosenfeld, K. F. Mcch: J. of Bone and Joint Surg. 1946:28: 
692. 

Clarkson, P., T. H. H. Wilson, R. S. Lawrie: Ann. Surg. 1946:223:190. 
Coleman, H. M., J. E. Bateman, G. M. Dale & D. E. Starr: Surg. Gynec. & 
Obst. 1946:83:392. 

Converse, J. M.: Oral Surg. 1945:3:112. 

Cuthbert, J. B.: Lancet. 1944:748. 

Delageniere, 11.: J. de Chir., Paris. 1921:27:305. 

Dick, 1. L.: J. of Bone and Joint Surg. 1946:28:1. 

Eloisser, L.: J. of Bone and Joint Surg. 1920:2:428. 

Ghormlcy, R. K. & TV. G. Stuck: Arch. Surg. 1934:28:742. 

Gordon, S.: Surgery. 1946:26:202. 

— & Ham: Personal communication. In print. 

Graham, TV. C. & D. C. Riordan: J. of Bone and Joint Surg. 1948:36:848. 
Hancox, N. M.: J. of Physiol. 1947:266:279. 

Hellstaclius, Arvid: Acta chir. Scand. 1943:90:317. 

Henderson, M. S.: Brit. Med. J. 1933:2:327. 

Higgs, S. L.: J. of Bone and Joint Surg. 1946:28:15. 

Hogeman, K. E.: Nord. Med. 1948 :39:1468. 

Horwitz, T. & R. G. Lambert: Surg. Gynec. & Obst. 1947:84:435. 
Hybinette, S.: Acta chir. Scand. 1932:72:411. 

Ivy, R. 11. & B. M. Epes: Military Surg. 1927:66:286. 

de Jossclin de Jong, R. & P. H. Eykman van der Kemp: Beitr. pat. Anat. 
und allg. Path. 1928:79:268. 

Karlen, A.: Acta chir. Scand. 1944:91, Suppl. 96. 

Key, J. A.: Ann. Surg. 1943:228:665. 

King: J. of Bone and Joint Surg. 1948:30:560. 

Lance: Rev. d’Orthop. 1926:23:627. 

— Bull, et mem. Soc. nat. de Chir. 1928:54:1023. 

Levandcr, G.: Surg. Gyn. & Obst. 1938:67. 

Lexer: Neuc deutsche Chir. 1924:26. 



TRANSPLANTATION OF CANCELLOUS BONE 501 

Lindemann, A..- Die gegenwartigen Behandlungswege der Kieferschussvcr- 
letzungen. Wiesbaden 1916. 

Mclndoe, A.: Proc. Royal. Soc. Med. 1941:34:267. 

McEwen, A.: The Growth of Bone. Glasgow 1912. 

Macomber, D. IF..- Surg. Gynec. & Obst. 1946:83:761. 

Marchand: Deutsche Chir. Stuttgart. 1901, Lief. 16. 

Mayer & Wehrer: Arch. f. klin. Chir. 1914:703:732. 

Mathieu, P.: Rev. d’orthop. 1926:73:581. 

Matti, H.: Arch. f. klin. Chir. 1931 -.168:236. 

— Zentralbl. f. Chir. 1936:1442. 

— Chirurg. 1939:77:296. 

Maragliano, D.: Chir. d. org. di movimento. 1919:5:225. 

Moivlem: Brit. J. Surg. 1941:29:No. 114. 

— Congr. of Wound Heal. Cambridge 1943. 

— Bull. War Med. 1944:4:254. 

— Lancet. 1944:2:746. 

Moon, I. R.: J. of Bone and Joint Surg. 1944:26:455. 

Nes, van der C. P J. of Bone and Joint Surg. 1948:30:854. 

Policard, A. & R. Leriche: Norm, and path. Phys. of Bone. London 
Kimpton 1928. 

Partsch: Zentralbl. f. Chir. 1922:9:989, 1927. 

Pitzen: Verhl. deutsch. orthop. GeselL 1940:109. 

Putti, V.: Press. Med. 1929:37:1094. 

Ollier: Jour, de la Physiologie. 1860:3:88. 

Orell & Engstrom: Zeitschr. f. mikr.-anat. Forsch. 1943:53:283. 

Risdon, F.: J.A.M.A. 1922:79:297. 

Roberlson, I. M. & J. N. Barson: J. of Bone and Joint Surg. 1946:28:19. 
Reynolds, F. C. & F. Zaepfel: J. of Bone and Joint Surg. 1948:30:331. 
Sauerbruch, F.: Deutsche Zeitschr. f. Chir. 1922:769:1. 

Schumm, H. C.: Surg. Gynec. & Obst. 1929:48:112. 

Soderlund & Rehberg: Svenska kirurgforeningens Forhl. 1947. 


32 * 



FROM THE ORTHOPAEDIC CLINIC OF LUND, SWEDEN. HEAD: 
PROFESSOR G. WIBERG, AND THE SURGICAL CLINIC OF MALMS, 
SWEDEN. HEAD: PROFESSOR H. B. WULFF. 


OPERATIVE TREATMENT OF FRACTURES OF THE 
HEAD AND NECK OF THE RADIUS 

BY 

NILS CARSTAM 

Fractures of the upper end of the radius are more common 
than has been previously thought, and their treatment has 
frequently given unsatisfactory results, with persistent trouble 
in the form of pain and restricted movement, which sometimes 
cause considerable disability. The abundant literature pub- 
lished during the last 20 years shows general agreement as 
to certain principles of treatment, especially on the question 
of conservative versus operative treatment, hut there are 
still varying opinions as regards the selection of the type of 
operation for the different fractures. Papers dealing with this 
rarely quote more than a few cases as examples of each 
method, and, with a few exceptions, it has not been possible 
to make any real comparison between the different methods 
of operation on a reasonably large number of cases. As I 
have had the opportunity of examining a rather large number 
of fractures of the head and neck of the radius treated by 
operation, I feel justified in publishing the results. 

Types of Fractures: 

The head of the radius is a rather thin disc, 3-5 inm. thick, 
and is supported by the cylindrical neck, 1.5-2.5 cm. long, which 
ends distally at the tuberosity of the radius. A fracture may 
involve only the head, but it usually extends to the neck as 
■\NelI. Fractures of the neck of the radius are most common 
in children and young people, and the two main types are 
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the oblique and the so-called greenstick fractures. Many 
different groupings of the types of fractures have been put 
forward, but the majority can fit into the scheme suggested 
by Speed. 

I. Incomplete fractures, fissures, cracks. 

II. Complete fractures 

(a) Partial, marginal fractures, with displacement of one 
or more fragments. 

(b) Total fractures, including comminution or crushing 
. of the head. 

(c) Fractures of the neck. 

I have followed this grouping, with only slight modific- 
ations, necessitated by, among other things, the restriction of 
the material available to fractures treated by operation. Fract- 
ures without any displacement have, of course, not been treat- 
ed by operation, and are, therefore, not dealt with here. The 
grouping has been based on the descriptions of the fractures 
in the operation reports and on examination of the radio- 
graphs. The cases have been divided into the following groups: 




Type I. 


Type II. 


Type I. Marginal fractures with depression or very slight 
displacement. Material available in this group is very scarce, 
as these fractures are usually treated conservatively. 
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Type II. Marginal fractures with greater displacement. As 
in the preceding group, the fracture-line often extends verti- 
cally into the neck. There is usually only one displaced frag- 
ment, but this may sometimes be splintered into smaller frag- 
ments. The displaced part may lie at an angle, or it may be 
rotated in relation to the rest of the head, or it may be comple- 
tely displaced, lying free in the joint cavity, or even forced 
outside it. The fragment usually carries less than one third 
of the articular surface, though an even bigger piece can be 
displaced. 

Type 111. 



Type III. Comminuted fractures. In this group, the head 
is splintered into a number of fragments, which may be con- 
siderably displaced. The articular surface often shows stellate 
fissures and is separated from the neck, but in some cases part 
of the articular surface is intact. 

Type IV. Fractures of the neck. Both marginal and com- 
minuted fractures often involve the neck, but they have not 
been included in this group, which deals with fractures involv- 
ing only the neck, where there is either an oblique or an irre- 
gular transverse fracture, and the articular surface is intact. 
A considerable proportion of these fractures is made up of the 
so-called greenstick fractures in children. The fractures may 
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be intra- or extra-capsular, or both. From a therapeutic point 
of view, Hitzrot included only the extra-capsular fractures in 
this group, but sufficient reason for this limitation is lacking. 
These fractures are sometimes combined with partial displace- 
ments of the epiphysis. Isolated displacement of the epiphysis 
is very rare, and has not been observed in this material. 


- MATERIAL 

During the 20-year period — 1928-1947 — 95 cases of fresh 
fractures of the head and neck of the radius have been treated 
surgically at the Orthopaedic and Surgical Clinics of Lund 
and Mahno. Re-examination has been possible in 81 of these 
cases (85.3 per cent.). Of the remaining 14 patients, 4 have 
died and 10 have either not been traced or live too far away. 

By fresh fractures” is understood cases which have been 
operated upon within the first month after injury. As a rule, 
the operation has been performed within an average of 6 days 
of the injury. The period of observation varies from 2 to 20 
years, with an average of 8 years. The age groups of the 81 
cases in which re-examination was possible is given in the 
following table: 


Age Groups. 


< 10 

J0-20 

20-30 

30-40 

40-50 

50-60 

60-70 

> 70 

1 

11 

14 

12 

17 

20 

4 

2 


Age-Grouping of the Types of Fractures. 



No. 

Percentage 

Average Age 

Marginal fracture with slight 

displacement 

5 

6 

37 years 

Marginal fractures with marked 

displacement 

25 

31 

46 „ 

Comminuted fractures 

34 

42 

42 ,. 

Fractures of the neck 

17 

21 

23 ,. 

Total 

SI 

100 
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SEX INCIDENCE 

Of the 81 patients, 62 (77 per cent.) are females and 19 
(23 per cent.) males. Of the total 95 fractures the proportions 
were 75 per cent, and 25 per cent, respectively. 

FRACTURES COMBINE? WITH OTHER LESIONS 

A fracture of the head or neck of the radius is as a rule 
not an isolated injury, but occurs simultaneously with inju- 
ries to the bone, capsule and soft tissue in and around the 
elbow. In 18 cases a dislocation was found when the patients 
were admitted to hospital, hut it can be reasonably supposed 
that dislocation occurred in a greater number of the cases but 
had been spontaneously reduced, because, in manj^ instances, 
besides a fracture of the head of the radius, there was an 
isolated displacement of the coronoid process; this must have 
been produced by a momentary luxation or sub-luxation, as 
demonstrated by O delb erg- Johnson on corpses. Hein concluded 
from the material at his disposal that “the dislocations of the 
elbow were of sufficient frequency to he considered a likely 
complication of all fractures of the head of the radius”. 

A study of the radiographs taken at the follow-up examina- 
tions shows, in nearly all cases, changes which suggest the 
avulsion of small bone fragments, especially at the capsular 
attachments, and calcifications of the capsule. If the head of 
the radius has been damaged to such an extent that it requires 
surgical treatment, the case is not likely to be uncomplicated. 
I have therefore included in the same group all the cases de- 
scribed in the notes and reports on operations as being uncom- 
plicated, and all the cases which showed dislocation fractures 
of the coronoid process and other minor injuries. I have ex- 
cluded cases of fracture of the head of the radius where 
this fracture was only of minor importance in comparison with 
the other bone injuries as, for example comminuted fractures 
of the upper end of the ulna. Similarly, I have excluded other 
bone injuries caused by violent force and which have required 
special therapy, which might considerably influence the final 
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results. For this reason, 7 of the 81 cases have not been in- 
cluded in the analysis of the final results, and only 74 therefore 
remain. As the intention is to compare the final results of dif- 
ferent fracture types and methods of operation, the grouping 
mentioned above has little effect on the results, since the 
diagnosed minor complications occur to about the same extent 
in the different groups. 


TREATMENT 

The surgical methods used in this material and discussed 
here, are: 

1 ) Open reduction. 

2) Partial excision, and 

3) Total excision of the head of the radius. 

The choice of operative method is partly dependent on the 
type of fracture; thus one can hardly reduce a comminuted 
fracture and sometimes, with severe crushing of the head, 
mere partial excision of fragments is not sufficient. In other 
cases of comminuted fractures, however, one can choose be- 
tween removing displaced fragments and leaving that part 
of the articular surface which remains connected to the neck; 
or one can make a total excision of the head. The same applies 
to marginal fractures with displacement, but in these cases, 
open reduction is sometimes possible. Finally, for fractures 
of the neck it is possible to perform either an open reduction 
or a total excision of the head. 

OPEN REDUCTION 

This is generally considered to be the best treatment for 
fractures of the neck, especially in young patients where a 
closed reduction has been unsuccessful ( Pfab , Key, Madlener 
and Wienert, Heriel Oppolzer, Murray, Roosuall). In this ma- 
terial, open induction was performed in 10 cases, for both 
fractures of the neck and marginal fractures with depression 
or slight displacement. Neither fixation of the fragment or the 
head, as recommended by Sprcngell and others, nor replace- 



508 


NILS CARSTAM 


ment of a splintered head by a vitallium cup, as described by 
Speed, has been attempted. 

Partial excision is recommended as the best method, when- 
ever possible, by Lassen, Buxton, Hertel, Siebner, whereas 
others stipulate that it is inadvisable where it involves the 
removal of more than one-third of the head ( Wilson , Jones, 
Eliason and North). In the present series fragments were 
removed in 33 cases, and in approximately 50 per cent. less 
than two-thirds of the joint surface was left. 

Excision of The head: Opinion is strongly divided as re- 
gards the results of this operation. Hitzrot, Speed, Pfab, Boh ~ 
rer, Wilson, Jones, Murray, Watson-Jones, Meekison, Jacobs 
and Kernodle have obtained satisfactory results and prefer 
this method, even where removal of fragments would be pos- 
sible. Other authors report less successful results and warn 
against the method, especially in regard to the secondary 
complications of cubitus valgus and wrist complications 
( Thomsen , Lewis and Thibodeau, Cubbins — Callahan — Scu- 
deri, King, Lang). To prevent excessive new bone formation 
from the neck, and the consequent risk of synostosis and re- 
stricted movement after total excision of the head, different 
techniques have been suggested, e.g. to cover the end of the 
neck with fascia, with a fat transplant, or with a capsular 
flap. In order to obtain as free movement as possible and to 
reduce the risk of excessive callus formation, Hitzrot, Speed 
and Sever recommend total excision to include the neck down 
to the tuberosity, whereas others, e.g. Thomsen, advise removal 
of as little as possible of the neck, to avoid the risk of wrist 
complications. Bergk, on the other hand, attaches no im- 
portance to the size of the part removed. In this material, 
where excision of the head was performed in 31 cases, no spe- 
cial effort was made to cover the end of the neck, although 
in a few cases the olecranon bursa used as a covering, and 
in some the marrow cavity of the neck was scraped out. In 
order to he able to estimate the late results in these cases, I 
have tried to differentiate between excision of the head alone, 
and a more radical removal of the head and neck. I have 
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based this differentiation on the reports of the operations and 
examination of the radiographs. 

OPERATIVE TECHNIQUE 

In this material lateral longitudinal inscisions, often of 
Kocher’s type, were mostly used. The annular ligament was 
usually divided, and either left free or sutured. Radiographs 
taken after operation sometimes showed that small fragments 
had been left behind, both in cases where fragments had been 
removed and in those, where a resection of the capitulum had 
performed. 

Plaster slabs or plaster casts were applied and left for 
2-3 weeks, after which physio-therapy was instituted for 
varying periods of time. 

R E-E X A M I N A T I 0 N 

I have personally examined the re-examined patients. All 
were asked about pain and their ability to work. Restricted 
movement of the elbow and wrist, muscular atrophy, defor- 
mities and crepitations were recorded, the strength of the 
hand was measured, and radiographs were taken of both 
elbows and both wrists. 

CRITERIA FOR ASSESSMENT 

The patients have been classified in 3 groups, according 
to their symptoms: 

A. Symptom-free 

B. With mild symptoms 

C. With more severe symptoms and disability. 

The complaints do not correspond to the objective changes, 
such as restricted movements, deformity and changes demon- 
strable on the radiographs. The restriction of the different 
movements of the elbow varied considerably, and it is ex- 
tremely difficult to compare the result in one patient who has 
considerably reduced extension, with that in another who 
has severely reduced pronation and supination, but full ex- 
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tension. In order to form a basis for comparison of the dif- 
ferent reductions of movement, I have tried to assess them 
according to the system compiled by Ferguson and Howorth, 
and further developed by Gade, in regard to the hip joint. 
Thus, the severity of the restriction is assessed according to 
not only the different planes, but also the position in these 
planes. The range of movement is expressed in degrees in 
different sectors and, in order to obtain conformity, these 
degrees are multiplied by different coefficients. This eva- 
luation is, however, quite subjective and the scheme only 
obtains for the cases under discussion, and not for the elbow 
in general, because, amongst other things, I have not consi- 
dered a loss of flexion greater than 90°, as no such case was 
encountered in this material. 


90 



Loss of 
flexion 



The limitations of movement have been assessed by this 
system, and the cases have accordingly been divided into the 
following groups: 

0 — 5 = a 

5.5 — 10 = b 

10.5 — 20 = c 

20.5 — 100 = d 
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This grouping has then been combined with the grouping 
according to the subjective complaints, giving the following 
4 groups: 


perfect 

good 

fair 

poor 

Aa 

Ab 

Ac 

Ad 

Bd Cb 


Ba 

Bb 

Be Bd 

Cc Cd 


RESULT 

The results of the treatment of fractures of the bead of the 
radius agree with S. Jones' statement that: “The prognosis is 
good for recovery of a useful elbow, rarely is it a normal 
elbow”. 

Based on the assessments already given, the following 
results are obtained in relation to the types fractures: 



Marginal 

Fracture 

Comminuted 

Fracture 

Fracture ot 

the Neck 

Total 



Cases 

7o 

Cases 

0/ 

10 

Cases 

% 

Cases 

Of 
/ 0 

Subjective: 

A. Svmptom-free 

14 

54 

7 

21 

3 

20 

24 

32 

B. Mild symptoms 

.. 10 

38 

21 

64 

11 

73 

42 

57 

C. More severe symptoms 

2 

8 

5 

15 

1 

7 

8 

ii 

Subjective + objective: 

Perfect 

9 

35 

2 

6 

3 

20 

14 

19 

Good 

5 

19 

16 

49 

4 

27 

25 

34 

Fair 

8 

31 

9 

27 

3 

20 

20 

27 

Poor 

4 

15 

6 

18 

5 

33 

15 

20 

Total 

• 26 


33 


15 


74 



As may be expected, this shows that marginal fractures, 
which represent the least severe type, form the majority of 
the fractures in the “Perfect” group. The different types in 
the group “Poor” are fairly evenly represented, with a slight 
preponderance of fractures of the neck, but here the use of 
what is now considered an unsatisfactory method of operation 
may have played an important role, as is shown in the follow- 
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ing table. This table also shows that the severity of the fracture 
is important, because from amongst the marginal fractures 
a group with only slight displacement, which shows con- 
siderably better results, can be regreated. 


Marginal fractures 


With slight 1 

With marked displacement 


displacement 

fragment <C 1 h 

fragment l / 3 

Perfect 

4 

3 

2 

Good 

1 

2 

2 

Fair 


5 

3 

Poor 


3 

1 


The marginal fractures with serious displacement have been 
subdivided into two groups according to the size of the frag- 
ment. It is often said that two-thirds of the articular surface 
should be intact for it to be advisable to perform partial 
excision, but the results in the present material do not support 
this theory. 

RESULTS OF DIFFERENT METHODS 
OF OPERATION 

In the following table the cases are grouped in accordance 
with the method of operation and irrespective of the type of 
fracture: 


The Results in Relation to the Type of Operation. 

All Cases. 

Partial excision Total excision Open reduction 

No. % No. % No. % 


Perfect 7 21 1 3 6 60 

Good 10 30 13 42 2 20 

Fair 10 30 9 29 1 10 

Poor 6 18 8 26 1 10 


Total 33 31 10 


As already mentioned, these figures are not quite com- 
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parable, on account of the influence the type of fracture will 
have on the results, and the methods of operation should, 
therefore, be compared within the fracture groups. In this 
material, total excision of the head has not been used for 
marginal fractures, and the only group where the results of 
partial and total excision can be compared are the comminuted 
fractures, but even here a certain selection was made, as 
partial excision was only used if some part of the head was 
uninjured. On the other hand, it should be mentioned that in 
this group a bigger portion of the head and its joint surface 
was removed than is usual in cases of partial excision. 


The Results of Operations for Comminuted Fractures. 


Partial Excision Total Excision 


Perfect 1 1 

Good 6 10 

Fair 2 7 

Poor 2 4 


If the relatively similar groups, marginal fractures with 
considerable displacements are added to the comminuted frac- 
tures, the following figures are obtained: 


The Results for Marginal Fractures with Considerable Displacement and 
for Comminuted Fractures Combined. 


Partial Excision 

Total Excision 

Perfect . 

6 

1 

Good 

10 


Fair 

10 

7 

Poor 

6 

4 


This table does not show that any particular method of 
operation is superior, in contradiction to Murray who states 
a preference for total excision over partial excision. 

The results of partial excision and open reduction can be 
compared for the marginal fractures, where open reduction was 
performed on 4 cases with only slight displacement. 
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The Results of Marginal Fractures Treated by Partial Excision and by 

Open Reduction. 

Partial Excision Open Reduction 


Perfect 6 3 

Good - — 4 1 

Fair — 8 

Poor - 4 


The cases where open reduction was used belong to a 
group not usually treated surgically, hut notably good results 
were obtained in this group. 

For fractures of the neck total excision was performed in 
9 cases and open reduction in 6: 


The Results of Operations fo 

r Fractures of the Neck of the Radius. 


Total Excision 

Open Reduction 

Perfect 

— 

3 

Good 

3 

1 

Fair 

2 

1 

Poor 

4 

1 


The results for fractures of the neck which are generally 
regarded as most satisfactory after open reduction, are shown 
clearly in the above table. 

If the comminuted fractures are grouped according to the 
extent of the total excision, the following difference in the 
results is obtained: 


Total Excision. 



Excision of head 

Excision of head + neck 

Perfect 



1 

Good 

5 

5 

Fair 

6 

i 

Poor 

3 

i 


The above figures seem to advocate removal of the head 
sufficiently far down in the neck. Although this increases the 


o 
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risk of cubitus valgus and upward displacement of the radius, 
with a consequent faulty position of the wrist, the complaints 
are not sufficient to outweigh the advantages obtained. 

It might be of interest to compare the different methods 
of operation in relation to the nature of the resulting restric- 
tion of movement. Bolirer states that, following surgical treat- 
ment of a fracture of the head, extension-flexion was usually 
only slightly restricted, but there was considerable loss of 
rotation, or even synostosis between the radius and ulna, in 
50 per cent, of his cases. Baumann, on the other hand, reports 
that rotation is rarely reduced after removal of a fragment, 
though limitation of extension and flexion is very frequent, 
whereas Pfab disagrees; Speed considers that total excision 
of the head is necessary to avoid limitations of rotation. 


Average Figures for Limitations of Movement after Different 
Types of Operation. 


i 

j 

No. of | 
cases | 

i 

Loss of 
Exten- 
sion j 

No. of j 

Loss of 
.flexion 

No. of j 

; Pronation -Supination 

If. 

i 

■ 

cases 
with full 
extn. 

cases i 
with full 
flexion 

Loss com-l 
pared wiihi 
sound side! 
* 1 

Range of 
Movement 

a ~£ r: 
°~1.| 
llll 

Removal of 
fragments 

33 

15° 

14 

6° 

15 

42° 

114° 

3 

Total 

excision 

31 

17° 

10 

7° 

n 

41° 

*— * 
o 

o 

5 

Open 

reduction 

10 

2° 

9 

6° 

5 

31° 

125° 

4 

Total 

74 


33 


31 



12 


If the same calculation is made for only one type of frac- 
ture, the following figures are obtained: 


Marginal Fractures. 


No. of 
cases 


Loss of 
Extension 


Pronafion-supination 


Loss of 
Flexion 


Loss com- 
pared with 
sound side 


Range of 
Movement 


Removal of fragments 
Open reduction 


22 16° 6° 44° 132° 

4 4° — 158° 


Total 26 


33 Acta orthopaedica, vol. XIX, 4 
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Comminuted Fractures. 




Loss of 

Loss of 

Pronation-supinal ion 


No. ot 

Loss com- 
pared with 
sound side 



cases 

Extension 

Flexion 

Range of 
Movement 

Removal of fragments 

ii 

12° 

8° 

36° 

117° 

Total excision 

22 

16° 

7° 

38° 

113° 

Total 

33 





Fractures of the Neck. 


No. ol 

Loss of 

Loss of 

Pronation-supination 


Loss com- 
pared with 
sound side 



cases 

Extension 

Flexion 

Range of 
Movement 

Total excision 

9 

18° 

9° 

►P- 

00 

0 

101° 

Open reduction 

6 

3° 

8° 

52° 

102° 

Total 

15 






These figures confirm what has been said before about the 
advisability of open reduction for fractures of the neck, and 
whenever possible, perhaps, also for marginal fractures, but 
they do not show any definite difference between the results 
of removal of fragments and of total excision, and they do not 
tell us anything about the different functions of the joint. 

Wrist trouble has been complained of by 5 out of the 74 
patients, following surgical treatment of fractures of the head ; 
total excision had been performed in 4 of them. A more serious 
loss of power in the affected hand was found in 25 of the 69 
cases 1 . 

There was an increase in the carrying angle on the injured 
side compared with the normal side in 31 of 71 cases; in 20 
total excision and in 11 removal of the fragment had been 
performed. In addition, radiographs of the wrists were exam- 

Power was measured with a hand-dynamometer. The power was re- 
garded as considerably reduced when it was the same or less than on the 

left side in cases of injury to the right side in right-handed patients, and 
vice versa. 
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ined and the proximal displacement of the radius on the 
injured side was measured and compared with the uninjured 
side. Proximal displacement was observed in 27 out of 35 
cases of total excision — it varied between 1 and 7 mm. with 
an average of 2.5 mm; whereas it was observed in only 4 out 
of 33 cases with partial excision and open reduction — it ranged 
from 1-3 mm. 


Total Excision 



i 

| Partial 

I Excision ^ 

Open 

Reduction 


Radical 

excision 

Conserv- 

ative 

excision 

Total 

Increase in carrying angle: 






average 

8.1° 

5.5° 

6.6° 

2.5° 

— 

Proximal displacement of 






end of radius 

2.3 

2.2 

2.3 

0.3 

0.2 


mm. 

mm. 

mm. 

mm. 

mm. 


A great number of the cases treated by total excision show- 
ed a moderate cubitus valgus, and in nearly all there was 
also a proximal displacement of the radius, averaging about 
2 mm., with a corresponding radial displacement of the hand 
and prominence of the distal end of the ulna. In spite of these 
serious anatomical and radiographic changes, symptoms attri- 
butable to them were reported in a few cases only. Despite 
the rather long period of observation, it is still possible that 
patients with these changes, who at present are symptom-free, 
may develop complaints in the future. Among the patients 
who now have complaints, 3 are cases of fractures of the 
neck in young persons, where the injury took place 7-10 years 
ago, and 2 where the injury occurred 12-16 years ago. 

Radiological Changes: 

With a few exceptions, radiographs taken at the time of 
injury have been available. By comparing these with radio- 
graphs taken at re-examination, it has been found, as men- 
tioned previously, that the injury recorded as fracture of the 
neck of the radius is by no means limited to simple fracture; 


33 * 
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in nearly all cases the radiographs taken at re-examination 
showed involvement of the capsule and surrounding tissue, 
such as small tears of the capsule attachments, calcification 
of the capsule and changes of a myositis ossificans-like nature- 
In a rather large number of cases there were calcifications and 
hone-formation on the small remaining fragments, while in 
one or two cases even large fragments had been left. 
..^-''Widespread calcification of the annular ligament was found 
in 5 cases and in others there were minor calcifications at the 
attachments. These do not, however, seem to cause any signi- 
ficant limitation of the movements. Fig. 1 shows calcification 
of the annular ligament in a case where the fragment, which 
was only slightly displaced, was reduced. 



Fig. i. 

J.L.M. aged 34 years. Calcification of the annular ligament. 


After removal of fragments, the remaining part of the head 
is rounded off and replaced, as a rule, by a somewhat clumsy, 
though quite normally shaped, head. 

J After total excision certain changes are seen in the neck 
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area, and their nature has been discussed. Re-establishment 
of contact between the head of the humerus and the remainder 
of the radius is generally found. This seems to be brought 
about partly by a displacement of the radius, which can be 
registered by measuring the position of the wrist, but the few 
millimetres which this involves are hardly sufficient by them- 
selves, and it is supposed that a reconstruction of hone takes 
place, probably by organisation of the haematoma and the 
ingrowth of osteoblasts from the periosteum and medullary 
cavity ( Suiro ). That this new bone formation does in fact 
take place was also confirmed by examining this material, 
and a typical picture showing a bone formation pointed in a 
volar-radial direction, as well as a resorption of the neck area 
in a dorso-ulnar direction, were observed in 11 out of 31 cases 
of total excision. The real cause of these developments cannot 
be determined, but it is possible that static conditions play an 
important part. Fig. 2 shows a typical radius stump immed- 
iately after surgical treatment and at re-examination 3 years 
later. Judging by the distance from and relation to the tuber- 
osity of the radius, this Fig. shows that resorption as well as 
new bone formation does take place. 



Fig. 2. 

S.S. aged 32 years, a. stump of radius after total excision 
b. appearance 3 years later. 
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Tiie excessive new bone formation which Sutrd describes, 
and for which he suggests remedies, has not been observed in 
this material. 

In cases of total excision in children and young persons 
a reshaping of the stump into a more anatomically normal 
“new head”, as has been described by Sutro and Bergk, can 
be seen. Fig. 3 shows a fracture in a 10-years’ old girl, where 
the head of the radius was removed and the result compared 
with the uninjured side 10 years later. 



a. b. c. 

Fig. 3. 

A.G. aged 10 years, a. Fracture of the neck of the radius. 

b. 10 years later: “new capitulum”. 

c. healthy side for comparison. 

In cases of fracture of the neck in children, where the head 
has been reduced, complete recovery — judging by the radio- 
graphs — may result, and an example of this is given in Fig. 4. 

Arthrosis deformans changes are quite frequently seen on 
the radiographs, following fractures of the head of the radius. 
In this material such changes have been observed in 28 out of 
69 cases (41 per cent.). The period of observation for the 
group in which these changes were detectable was, on an 
average, 9 years, and the average age of the patient was 40 
years. The corresponding figures for the group without chan- 
ges were 7 and 36 years. This suggests the possibility that by 
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prolonging the observation period, further instances of arth- 
rosis deformans may develop; the difference is, however, very 
small and it can be presumed that in many cases of fracture 
of the head of the radius, such changes do not develop. A 
significant difference in the incidence of arthrosis deformans 
has not been demonstrable in the types of fracture or methods 
of surgical treatment. As mentioned previously, by, for ex- 
ample, Baumann, it is remarkable that no correspondence ex- 
ists between the symptoms and radiologically demonstrable 
arthrosis deformans; even in cases where this is very pro- 
nounced, the patient is invariably symptom-free. 

S U M M A R Y 

Seventy-four cases of surgically — treated fresh fractures of 
the head of the radius were re-examined on an average 8 years 
after the injury, and the results of treatment have been judged 
in accordance with the type of fracture and the method of 
operation. 

A fracture of the head of the radius comprises simultaneous 
injury to the bone, capsule and soft tissue in and around the 
elbow. Luxation or sub-luxation occur in most cases, but these 
are often spontaneously reduced. 

The prognosis depends mainly on the type of fracture. 

In cases of marginal fractures with displacement, and com- 
minuted fractures, where it is possible to choose the method of 
operation, the results following total excision and removal of 
the fragment are not appreciably different. 

Where total excision is performed, this should include the 
greater part of the neck as well as the head of the radius. 

Following total excision, changes such as cubitus valgus and 
proximal displacement of the radius, with consequent changes 
at the wrist, are very frequent, but only in a few cases do they 
cause symptoms, except where the excision is performed in 
children. 

In cases of marginal fractures with moderate displacement, 
open reduction, when it is possible, gives satisfactory results, 
and it should perhaps be used more than formerly. 
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RESUME 

Soixante-quatorze cas de fractures de la tete du radius 
traitees chirurgicalement pendant qu’elles etaient fraiches ont 
ete reexaminees en moyenne 8 ans apres la lesion et les 
resultats du traitement ont ete judges en se basant sur le type 
de fracture et la inethode d’operation utilisee. 

Une fracture de la tete du radius comporte simultanement 
la lesion de Fos, de la cupule et des tissus mous qui entourent 
le coude. Dans la plupart des cas il se produit une luxation ou 
une sub-luxation, qui disparaissent souvent spontanement. 

Le pronostic depend principalement du type fracture. 

Dans les cas de fractures marginales avec deplacement, et 
de fractures broyees, ou il est possible de choisir la methode 
operatoire, les resultats suivant 1’excision totale et l’extirpation 
du fragment ne sont pas sensiblement differents. 

Lorsque l’excision totale est pratiquee, elle comprend une 
grande partie du col et de la tete du radius. 

A la suite de 1’excision totale, des modifications telles que 
le cubitus valgus et le deplacement proximal du radius, avec 
les modifications qui s’ensuivent dans le poignet sont tres 
frequentes, mais ne provoquent des symptomes que dans tres 
peu de cas, excepte lorsque les excisions sont faites chez des 
enfants. 

Dans les cas de fractures marginales avec leger deplace- 
ment, une reduction ouverte, lorsqu’elle est possible, donne 
des resultats satisfaisants et devrait peut-etre etre pratiquee 
plus souvent que cela n’a ete le cas jusqu’ici. 

4 ZUS AM MENFASSUXG 

Vierundsiebzig Falle von chirurgisch behandelten, frischen 
Briichen des Radiuskopfcliens wurden im Durchschnitt 8 Jabre 
nach dem Unfall nacbuntersucht und das Resultat wurde ent- 
sprechend der Bruchtype und der Operationsmethode beur- 
teilt. 

Ein Radiuskopfchenbruch umfasst gleichzeitige Schadigung 
des Knochens, der Kapsel und der Weichteile im und urn das 
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Ellbogengelenk. Luxation und Subluxation treten in den mei- 
sten Fallen aur, aber renken sich meist spontan ein. 

Die Prognose hangt zum grossten Teil von der Bruch type 
ab. 

In Fallen von marginalem Bruch mit Verschiebung und in 
Splitterbriichen, wo es moglich ist die Operationsmetode zu 
wahlen, zeigen die Resultate nach Excision und Entfernung 
des Fragmentes keine wesentliehe Verschiedenheit. 

Wo die totale Excision ausgefuhrt wird, sollte sie stets 
sowohl den grosseren Teil des collum radii als auch des capi- 
tulum mit inbegreifen. 

Nach der totalen Excision sind Veranderungen, wie cubitus 
valgus und proximate Verschiebung des Radius mit folgenden 
Veranderungen des Handgelenkes sehr haufig. Aber nur in 
wenigen Fallen rufen sie Symptome hervor, ausgenommen 
jene Falle in welch en die Excision an Kindern vorgenommen 
wurde. 

In Fallen von marginalen Briichen mit geringer Verschieb- 
ung giebt die offene Reposition, wenn sie ausgefuhrt werden 
kann, zufriedenstellende Resultate und sollte vielleicht haufiger 
angewendet werden. 
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FARSUND HOSPITAL, NORWAY 
(CHIEF SURGEON: DR. LEIF LUND PETERSEN) 


CONGENITAL COXA VARA AND PERTHES’ DISEASE 

By 

CASPAR LIAN 

Congenital coxa vara is a rare condition of unknown etiol- 
ogy. In a recent survey from two large clinics in North 
America, the present author reported that only 15 cases were 
registered over a period of 20 years (1). 

Of these 15 cases, 7 were boys and 8 girls. The right side 
was affected in 9, the left in 2, and both sides in 4. 

The etiology, as already mentioned, is unknown, but in 
the above survey it is suggested that probably the most accept- 
able theory is a disturbance of the vascular supply of the 
femoral neck during embryonic life. J. F. Brailsford gives as 
his personal view the theory that it is caused by a dysostosis, 
— a developmental defect in the zone of ossification (2). 

The diagnosis must in most cases be based on the radio- 
graphic examination. Clinically, there is a history that the 
child has limped sice it began to walk. The limp is similar 
to that seen in congenital luxation of the hip, but clinical 
examination shows that there is no telescoping and the head 
is in the acetabulum. 

In the radiographs the most important criteria for the 
differential diagnosis are the appearance and direction of the 
epiphyseal line. In congenital coxa vara the line is vertical 
and is often divided in its lower part to form an inverted Y 

(l). 

Half dan Sundt, in his paper on the “Malum Coxae Calve- 
Legg-Perthes”, describes the same criteria when he writes of 
“the vertical, broad and often fork like divided epiphyseal 
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line”, and later on he writes of the “lower corner of the neck 
being rounded off” (3). 

This appearance is very different from that seen in rachitic 
coxa vara, where the epiphyseal line is oblique and has an 
edge-like prominence of the lower corner of the femoral-like 
neck. 

Perthes’ disease, or coxa plana, occurs rather frequently 
in boys, and its pathological and clinical picture is much 
better known. Here I will concentrate on the changes seen 
in this condition in the neck of the femur, distal to the 
epiphyseal line. 

According to Sundt’s description the changes in the neck 
in Perthes disease are found in the upper corner. There are 
osteoporosis and a number of osteochondritic foci surrounded 
by a sclerotic zone. 

The appearance of the neck changes; it becomes broad and 
clumsy, but the direction of the epiphyseal line does not 
change — especially it does not become more vertical; rather, 
it appears to go the other way and, in fact, the result is a 
slight displacement of the head in a valgus position. This is 
due to the broad and deformed shape of the neck. 

In Sundt’s paper a wide variety of changes is described, and 
of particular interest for this article is his statement that 
Perthes’ disease has been observed to develop in cases of pre- 
existing congenital coxa vara. It has not been specified that the 
osteochondritic changes tend to appear in the neck in pre- 
disposed cases of congenital coxa vara. In only one case were 
there changes compatible with Perthes’ disease in both head 
and neck. (3). 

After this introduction, a case is presented which has been 
observed in Farsund Hospital for 9 years, from 1940 to 1949, 
when the final treatment was begun. 

L.B. was aged 7 years when he was admitted to hospital on 2.26.40 
with a history of limping on the R. lower limb since he began to walk. 
The right leg appeared to be shorter than the left one. He never had 
an} pain or discomfort, and had therefore never been examined by a 
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doctor until now, when he had had an accident on a sledging hill. He 
received a blow on his right hip and a scalp wound, which was sutured. 
He was then sent to hospital for radiography of his hip. 

Clinically, there was marked shortening of the R. leg with a high 
trochanteric prominence. There was no pain on movement, hut there 
was limitation of internal rotation, abduction and flexion. Otherwise, 
nothing of importance was found. 

The radiographs of 2.26.40 are shown in fig. 1. There is a R. coxa 
vara with osteochondritic changes in the upper corner of the neck; the 
left hip appears to be normal. 



The epiphyseal line is vertical on the affected side; it is wide, and 
the lower corner of the neck is rounded-off. 

The diagnosis made at this time was that of an atypical case of 
Perthes’ disease, drill holes were made through the neck into the head, 
apparently without any beneficial effect, as can be seen from the follow- 
ing radiographs. These show that the coxa vara persisted, or rather 
progressed, and led to the development of a deformed head, which 
gradually became displaced distally in relation to the neck, with a wide 
and open epiphyseal line. Osteochondritic changes are seen in the upper 
corner of the neck; these gradually disappeared, but in its course the 
condition followed the typical pattern of Perthes’ disease figs. 2 and 3). 

The patient returned for periodical examination and radiography until 
March 1943, when, due to the circumstances in Norway at that time, he 
disappeared. 

He was not seen again until February 1949, when he was re-admitted 
to the Hospital, suffering from drug poisoning. On this occassion he was 
re-examined for his hip condition with the following report : 

“The patient is a well-developed boy aged 15 years, with an obvious 


530 


CASPAR LIAN 


limp on the right side, where the trochanteric prominence is high. There 
is a positive Trendelenburg sign with shortening and atrophy of the R. 
lower limb and marked limitation of abduction, internal rotation and 
flexion at the hip.” 



Fig. 2. 



Fig. 3. 


Radiopraphv on 2.12.49 showed a wide space at the site of the epi- 
physeal line, with a high position of the neck and major trochanter. 
The head was deformed, with a protruding lower lip, but the articular 
surface and space were well preserved. The changes seen earlier in the 
upper corner of the neck had completely disappeared (fig. 4). 

The patient was treated in bed with moderate traction on the R. 
lower limb. Repeated radiography during this period showed the develop- 
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ment of a pseudarthrosis at the site of the epiphyseal line, where there 
was definite movement between the head and neck. 



Fig. U. 


From the patient’s story, the clinical examination and 
the radiographic appearance, it was concluded that the original 
diagnosis only covered one of the conditions present. The 
diagnosis was revised to one of congenital coxa vara with 
secondary changes in the neck, identical with those seen in 
Perthes’ disease. 

The unilateral involvement and the radiographic appe- 
arance both fail to conform to the picture of rachitic coxa 
vara. 

The treatment of congenital coxa vara has been discussed, 
and it has been said that subtrochanteric osteotomy, with 
abduction of the distal fragment, is the procedure of choice. 
By this operation one can obtain a more oblique direction 
of the epiphyseal line with a tendency to “impaction of the 
fragments”, which should promote healing and prevent pseud- 
arthrosis. This treatment often promotes healing in children, 
but in the present case there was already a well-established 
pseudarthrosis, and we could not expect any beneficial effect 
from it alone. 


34 Acta ortPopaedica, vol. XIX, 4 
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An operation was therefore performed in two stages. At operation we 
found the pathology we expected. 

The following operation was performed under general anaesthesia, 
by the author, on 23.3.49. 

1. Resection of the pseudarthrosis — Bone transplantation — Screwing. 

Using a Smith-Petersen incision, the R. hip was exposed and the 
joint was opened anteriorly. As seen on the radiographs there was a 
pseudarthrosis with articular surfaces covered by smooth cartilage on 
both ends. The pseudarthrosis was open on the proximal-anterior surface, 
but covered on the distal-posterior surface by strong ligamentous bands. 
On movement the head glided on the rounded surface of the neck. 

The pseudarthrosis was resected, and bone chips from the ilium 
were plugged into the open space between the denuded ends of the head 
and neck. The head was then fixed by a vitallium screw through the 
long lower edge of the neck into its central part. The fixation appeared 
to he firm when tested by movement at the joint. The wound was 
closed, and light traction was again applied. 

5 weeks after the first operation, there was evidence of union at the 
site of the resection and the position was unchanged (fig. 5). 



Fig. 5. 


Fig. 6. 





At a second operation the following procedure was completed: 

2. Subtrochanteric Ostcolomy-Ostcofixation-Hip spica. 

A lateral (Badglcy) incision was made, starting 1 inch behind the 
anterior superior spine and curving down behind the trochanteric prom- 
inence and along the posterior aspect of the femur, which was exposed 
just below the lesser trochanter. At this site an osteotomy was per- 
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formed with removal of a triangular piece of hone with its base laterally. 
By this procedure the distal fragment was opposed to the proximal in 
marked abduction; an angulated Sovland’s plate was then fixed to the 



, m 

Fig. 7 a. 



Fig. 7 b. 


fragments which were in close contact with each other. After closure 
of the wound a half hip spica was applied. 

There were no complications after either operation and the cast was 
bivalved after S weeks, when there was radiographic evidence of union 
(fig. 6). 

During the following 4 weeks the patient was doing quadriceps-exer- 
cises, and flexion of the knee was allowed. After this period the pro- 
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gramme was intensified, and 13 weeks after the second stage he was 
up on crutches with a good range of movement at the hip. 

4 months after the second stage operation he was re-examined. At 
this time lie was ambulatory. He was still using a stick and walking 
with a slight limp. He did not notice any pathological movements, and 
spontaneously remarked that its absence felt very peculiar, as he had 
been used to it for so many years. There was no pain or feeling of 
instability in the R. lower limb. 

Clinical examination gave the following report: 

Trendelenburg’s sign: Neg. 

There is 14 inch real and apparent shortening of the R. lower limb. 

There is 2 inches atrophy of the leg and 1 inch of the R. calf. 

Range of R. hip movements: No contracture. Flexion 135° (155°). 
Abduction 20° (30°). Adduction 30° (25°). Internal rotation 20° (25°). 
External rotation 30° (30°). 

Thus, only the slight limitation of flexion and abduction are of 
practical importance. 

Radiography on 9.1.49 (fig 7) showed sound union at both sites, 
with a good static position. No evidence of secondary changes in the 
head as vet, but for this reason the patient will have to be kept under 
close observation and radiographic control for a long period. 

The case is considered to be of considerable diagnostic 
and therapeutic interest and it is therefore presented at this 
early post-operative stage. 

S U M M A R Y 

A case of congenital coxa vara complicated by osteo- 
chondritic changes in the neck identical with those occur- 
ring in Perthes’ disease is reported with a complete radio- 
graphic follow-up. The case has been followed for 8 years; 
during this time a pseudarthrosis developed in the neck and 
was treated by a two-stage operation. First, the pseudarthrosis 
was resected, hone chips were transplanted from the ilium, 
and the head and neck were fixed with a screw. Later, a 
subtrochanteric osteotomy was performed, with a resulting 
good position of the femoral neck. 

RESU M E 

Un cas de coxa congenital complique d’alterations osteo- 
chondritiques dans le col femoral, identiques a celles apparais- 
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sant dans la maladie de Perthes est rapporte avec une serie 
complete de radiographies. Le cas a ete suivi pendant S ans; 
pendant cette periode une pseudarthrose s’est developee dans 
le col et a ete traitee par une ojieration en deux phases. Dans 
la premiere, resection de la pseudarthrose; des fragments de 
l’os iliaque ont ete transplants la tete et le col ont ete 
fixes au moyen d’une vis. Plus tard une osteotomie suh- 
trochanterique a ete pratiquee et il en est resulte une bonne 
position du col femoral. 

ZUSAMMENFASSUNG 

Ein Fall von angeborener coxa vara mit komplizierenden 
osteochondritischen Veranderungen in collum femoris, iden- 
tisch mit den Veranderungen bei Perthes’scher Krankheit, 
wird mitgeteilt zugleich mit einer kompletten rontgenologi- 
schen Verfolgung des Falles. Die Beobachtung wurde 8 Jahre 
bindurcb fortgesetzt. Wahrend dieser Zeit entwickelte sicb 
eine Pseudartthrose im Femurbals, die mit Operation in Zwei 
Sitzungen behandelt wurde. Zuerts wurde die Pseudarthrose 
reseziert und gleichzeitig Knochenstiickchen transplantiert und 
eine Schraubenfixation vorgenommen. Spater wurde eine sub- 
trochantare Osteotomie ausgefiihrt, die in einer guten Position 
des Femurhalses resultierte. 

LITERATURE 

1. The Journal of Bone and Joint Surgery. Vol. 31-A, No. 1, p. 115. 

2. The Radiology of Bones and Joints. James F. Brailsford. p. 257. 

3. Examinations of Malum Coxae Calve-Legg-Perthes. Dr. Halfdan Sundt. 

P. 86 and 159. 



FROM THE ORTHOPAEDIC CLINIC OF THE KAROLINSKA INSTITUTE, 
Stockholm (CHIEF: PROFESSOR STEN FRIBERG) 


A CASE OF SPONDYLOLISTHESIS LUMBALIS 
ACQUISITA 

By 

LARS UNANDER-SCHARIN, M.L. 


Spondylolysis is a break in continuity in the pars inter- 
articularis of a neural arch. Spondylolisthesis occurs when the 
ends of the bone glide apart at this break in continuity, and 
the vertebral body, with the anterior part of the arch and the 
superior articular processes and all the spinal column above 
it, slips forwards. 

During the 1 9th century, spondylolysis was regarded as 
being a very rare complaint of women; but it has since been 
shown, partly by radiographic investigations, that it occurs 
relatively frequently, and almost as often in men as in women. 
The frequency of spondylolysis is given as approximately 5 % 
(Neugebauer, Waldcyer, Willis, Friberg). It should be remem- 
beied, however, that most of the information concerning its 
f i equency is based on hospital material. Probably most cases 
of spondylolisthesis and spond 3 T lolysis do not give any symp- 
toms and have therefore never been diagnosed. 

A purely theoretical differentation has been made between 
congenital, acquired and traumatic spondylolysis and spondy- 
lolisthesis. 

Many authors have regarded the condition as congenital 
( Willis, Neugebauer, Schmorl, Junghans, Friberg, Brocher, 
Turner), in view of the fact that it is found in children. 2 ossi- 
fication zones were thought to occur in the vertebral arch, 
instead of the normal one. After F rib erg's work we may now 
consider it proved that spondylolysis can be a congenital defor- 
mity, and that it is so in the majority of cases. 
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Lane, and later Meyer-Burgdorff, favoured the view that 
all spondylolyses are acquired. They believed that the articular 
processes of the spines lying above and below it can produce 
“eine chronische Umbauzone” on the interarticular portion 
as a result of constant pressure. This would occur particularly 
when the back was subjected to abnormal strain as for in- 
stance with a gibbus deformity after a fracture, in pregnancy 
and with severe strains of the hack. The authors have not 
shown any proof that this realty occurs nor, in fact, that there 
is any such thing as acquired spondylolysis. 

Jaeger attributes spondylolisthesis acquisita to metastases 
or to aseptic necrosis of the hone in the pars interarticularis. 

Frank traumatic spondylolyses in connection with great 
violence have been described, but they have then always been 
combined with subluxation, luxation or compression fractures 
of one or more vertebrae, usually with compression of the 
spinal cord ( F rib erg , Bolder, Watson-Jones, Aschan and 
others). 

“Traumatic spondylolisthesis” without other changes has, 
been described by Kleinberg, Bolder and Steiner. In support 
of their traumatic origin these authors point out that trauma 
was reported in the history. In Steiner’s case there was a 
“fracture” with jagged hone ends of the pars interarticularis. 
In none of the cases had radiographs of the back been 
taken before the injury, and therefore the traumatic origin 
cannot be considered to be proved. 

Roberts, Konigstein, Gerlach, Turner and Markellow made 
experimental investigations on corpses. They could not cause 
spondylolysis, even when considerable violence was used. 
Turner and Makellow wrote: “das geht unzweifelhaft hervor, 
das es keine traumatischen Spondylolysen gibt” and Gerlach 
says: “auch durch maximalste uberstreckung der Lendenwir- 
belsaule in Sinne der Lordose und Kyphose ist es nicht ge- 
1 ungen, weder einseitige noch beidseitige Frakturen ini Beieich 
der Interartikularportion, auch nicht durch stiirkste Gevalt- 
einwirkung zu erzeugen”. 

Thus, in spite of considerable clinical and experimental 
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investigations of spondylolysis, only its congenital origin has 
been proved. The occurrence of acquired and traumatic spon- 
dylolysis has not yet been proved. 

However, sporutylolisthesis in a previously normal vertebral 
arch has occurred at the Orthophaedic Clinic of the Karolinska 
Institute in Stockholm. 

Case No. 3835/3S, a female hospital employee, born 1905. Attended the 
clinic for the first time in 1938, when she complained of her back. She 
had had increasing pain, and a feeling of tiredness in her back for the 
past two years. Her condition was temporarily improved by massage 
and the use of a corset. Despite conservative treatment, however, she 
grew gradually worse; she found it difficult to perform her duties and 
was confined to bed from time to time. 

Examination 1938. General condition good, tall and heavily built. 
Normal configuration and mobility of the hack; she complained of in- 
tense throbbing pain in the lower lumbar region. Lasegue negative bila- 
terally. No abnormal neurological findings. 

Radiography in 1938, no abnormality in the lumbar region. In 19h3, 
signs of degeneration in the 4th lumbar disc: diminished interspace, 
slight anteposition of the lumbar vertebra and lack of stability during 
functional tests. (Fig. 1). 

1944, lumbar osteosynthesis performed on account of the severe 
complaints which resisted all conservative therapy; and because of an 
apparent disc degeneration. A tibial transplant was placed unilaterally 
on the resected arches of the 3rd, 4th and 5th lumbar vertebrae and 
sacrum. In addition, plentiful bone chips were inlaid on both sides of 
the spinous processes. 

Progress: The patient was kept in a plaster bed for ten weeks and in 
a plaster jacket for three months. Six months after the operation she 
was free from symptoms, and radiography showed that the osteosynthesis 
had consolidated and that there were no changes in the condition. 

We did not hear from her again until January, 1949, when she was 
asked to come for follow-up examination. She then said that during the 
first year after the operation she had been free from symptoms but 
then her original complaints had returned. She had tried to take up her 
previous employment as a hospital employe but could not do so. 

Objectively there was a normal configuration of the back: but minimal 
mobility in the lumbar region. When she bent forwards she had to 
support herself with her hands on her knees in order to prevent herself 
from falling over. Pressure in the region of the upper end of the osteo- 
synthesis caused throbbing pain. Lasegue negative bilaterally. No neuro- 
logical abnormalities. 
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Fig. 1 a. 




Fig. 1 b. 


Fig. 1 a. 1943 (before operation). 
The back in normal position. The 
intervertebral space between the 
4th and 5th lumbar vertebrae is 
slightly reduced. 

Fig. 1 b. 1943 (before operation). 
The back in forward bending posi- 
tion. Besides the reduced space be- 
tween the 4th and 5th lumbar 
vertebrae, there is a displacement 
forward of the 4th lumbar as a 
sign of instability of the 4th inter- 
vertebral disc. 

Fig. 1c. 1943 (before operation). 
Radiograph taken obliquely from 
behind in order to show the pars 
interarticularis of the neural arch. 


Fig. 1 c. 
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Fig. 2 b. 


Fig. 2 a. 1949 (5 years after opera- 
tion). The back in backward bend- 
ing position. Bilateral spondylolysis 
on the arch of the 3rd lumbar 
vertebra. Reduced space between 
the 3rd and 4th lumbar vertebrae. 
The osteosynthesis shows satis- 
factory bone block formation. 

Fig. 2 b. 1949 (5 years after opera- 
tion). The back in forward bending 
position. The 3rd lumbar vertebra 
is anteposed and the diastasis at 
the spondylolysis has increased. 

Fig. 2 c. 1949 (5 years after opera- 
tion). Radiograph taken obliquely 
from behind, showing the bilateral 
spondylolysis and the osteo- 
synthesis. 


Fig. 2 c. 
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Radiography showed a block of bone between the arches of the 3rd. 
4th and 5th lumbar vertebrae and the sacrum. The transplant was well 
consolidated, but on the arch of the 3rd lumbar vertebra there was a 
bilateral spondylolysis, which had a typical interarticular columnar 
formation on both sides. Further, there was evidence of degeneration of 
the 3rd lumbar disc with diminished interspace. When she bent forwards, 
there was anteposition of the 3rd lumbar vertebra and the diastasis of 
the spondylolysis increased. When she leaned backwards, the 3rd lumbar 
vertebra resumed its normal position and there was contact between the 
bone surfaces of the spondylolysis (see Fig. 2). 

Thus in this case a satisfactory fixation of the degenerated 
4 th lumbar disc was obtained: hut a spondylolysis of the 3rd 
lumbar. A^ertebral arch and a degeneration of the 3rd lumbar 
disc developed. The complaints which began one year after the 
operation, might be regarded as due to the spondylolysis. 
There is no record of any accident or over-straining of the 
back after the operation. The radiographs, which were taken 
with infinite care and from various projections, categorically 
exclude the possibility that the changes were present either 
before the operation or when the patient was re-examined six 
months after it. 

It cannot be determined whether the degeneration in the 
3rd disc preceded the spondylolysis and predisposed towards 
it, or whether it followed it. One knows that destruction of 
the underlying disc takes place in most cases of spondylo- 
listhesis ( Schmorl and Junghans and others). On the other 
hand, the degeneration in the 3rd disc might have been present 
before the operation, although not visible on the radiographs. 
Therefore, the spondylolysis was thought to he secondary to 
the degeneration and related to the severe strain to which 
it had been subjected. 

Abnormal strain on the spinal column always follows osteo- 
synthesis. The osteosynthesis, especially if it has been exten- 
sive, is itself subject to severes train, which in many cases leads 
to fracture and “umbauzone” with residual pseudoarthroses 
( Odelberg-Johnsen , Alvik, Bierring, Unander-Scharin and 
others). In the case under review the strain did not cause a 
fracture of the osteosynthesis, but instead there was a break 
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in continuity in the arch of the uppermost spine of the osteo- 
synthesis. 

This is a highly interesting case, partly because, as far as 
the author can discover, it is the only definite case of acquired 
spondylolysis, and partly because it is the only reported case 
of spondylolysis following spinal osteosynthesis. Anyway, we 
can now say that not only congenital but also acquired spondy- 
lolysis has been proved to occur. It now remains to prove the 
occurrence of traumatic spondylolysis. 


S U M M ARY 

The author describes a case of spondylolysis of the verte- 
bral arch of the 3rd lumbar vertebra, which had been shown to 
be normal at three previous examinations. The spondylolysis 
was observed 5 years after an osteosynthesis involving the 3rd, 
4th and 5th lumbar vertebrae and the sacrum. The osteosyn- 
thesis was performed for pain in the back associated with 
radiographic signs of degeneration of the 4th lumbar disc. 


RESUME 

L’auteur decrit un cas de spondylolyse de I’arc vertebral 
de le 3eme vertebre lombaire qui avait ete trouvee normale a 
trois examens anterieurs. La spondylolyse a ete observee 5 
ans apres une osteosynthese atteignant les 3eme, 4eme et 5eme 
vertebres lombaires et le sacrum. L’osteosynthese. a ete a la 
suite de douleurs lombaires associees a des signes radiogra- 
phiques de degeneration du disque de la 4eme vertebre lom- 
baire. 

L’auteur n’a pas trouve de cas similaire decrit dans la 
litterature. Ce cas presente un tres grand interet, parce que 
c’est la seule description que 1’on ait d’une spondylolyse ac- 
quise et la seule qui se soit produite a la suite d’une osteo- 
synthese lombaire. 
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ZUSAMAIENFASSUNG 

Der Verfasser beschreibt einen Fall von Spondylolysis des 
Wirbelbogens des 3. Lendenwirbels, der bei drei vorherge- 
gangenen Untersucliungen normal erschien. Die Spondylolyse 
wurde 5 Jahre nach einer Osteosynthese des 3., 4., 5. Lenden- 
wirbels und des os sacrum beobachtet. 

Es war dem Verfasser nicht moglich einen ahnlichen Fall 
in der Litteratur aufzufinden. Der Fall ist sehr interessant da 
er die einzige Beschreibung einer erworbenen Spondylolysis 
darstellt und der einzige ist, der nach lumbaler Osteosynthese 
aufgetreten ist. 
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FROM THE ORTHOPAEDIC HOSPITAL IN LUND. CHIEF SURGEON: 
PROFESSOR GUNNAR WIBERG 


BENIGN GIANT CELL TUMOUR OR LOCALISED 
OSTEITIS FIBROSA CYSTICA 

BY 

BERTIL LARWIK 

The name applied to this case may he disputed, since a 
variety of names has been used in the past for the condition 
now called Giant cell tumour, viz.: benign giant cell sarcoma, 
giant cell tumour, primary giant cell tumour, endosteal myel- 
oid sarcoma, myeloid disease, myeloid sarcoma, and oste- 
oclastoma. According to Fleischer-Hansen the conceptions of 
benign giant cell tumour and of localised osteitis fibrosa 
have varied widely. However, thanks to improved radiographic 
technique in the last few years, certain, fairly well-defined, 
clinical types have been recognised. At the outer limits are 
bone cysts, which may be regarded as a form of localised 
osteitis fibrosa, on the one hand, and the true benign giant 
cell tumours on the other. Also at certain sites transitional 
conditions, e.g. localised osteitis fibrosa, which are difficult 
to differentiate from a benign giant cell tumour containing 
cysts, do occur and make a definite diagnosis difficult. 

Benign giant cell tumours usually occur at the end of one 
of the long hones, particularly at the distal end of the femur 
and the proximal end of the tibia. This case is only reported 
because of its site — which has been reported 21 times in the 
literature. 

E.G.O. A woman, born 28.11.17. Admitted to hospital 12.11.45. Com- 
plained of pain in the R. knee anteriorly and of occasional instability 
in the knee on walking. The trouble began in June 1945 when the 
patient was kicked on the R. knee by a cow. The knee swelled rapidlj. 
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but the swelling disappeared in a few days with hot compresses. The 
knee had given no previous trouble. 

O.E. Palpable, but not measurable, atrophy of the thigh muscles. 
Circumference at 15 cm. above the upper patella border was 44 cm. on 
both sides. Reduced elasticity of the muscles. No swelling or heat. No 
deformity. Slight tenderness over the medial border of the patella. 
Full active movement. Small retropatellar crepitations. Pain felt under 
the patella when it was compressed against the condyle. 

Left knee. Small retropatellar crepitations, otherwise nothing ab- 
normal. 

Blood: Serum calcium 11.7 mg. per cent. 

Phosphatase 3.5 units. 

Hb 82 %. 

R.B.C. 4,740,000. 

Sed. Rate 8 mm. 

Blood Wasserman Reaction: positive. 


31.11.45. “Radiography shows thinning at the medial border of the 
patella; the cause cannot be determined. It is most suggestive of local- 
ised osteitis fibrosa”, (signed) R. M. (Fig. 1). 

26.11.45. “Radiography of pelvis, hips, femora, tibiae and fibulae, and 
of the upper limbs shows no definite' signs of osteitis fibrosa”, (signed) 
R. M. 

These radiographs were taken to exclude the possibility 
that the changes in the patella were part of a generalised 
osteitis fibrosa. The calcium concentration and the phosphate 
values were also against this diagnosis. The other possible 
diagnosis was a syphilitic infection, in view of the positive 
WR. The differential diagnosis could not be carried further 
without a biopsy. 

16.11.45. Curettage of the bone tumour in the patella. As soon as the 
tendon fibres on the patella were freed, a bluish colour could be seen; 
the anterior layer of bone came away when an attempt was made to separate 
off the tendon. Almost immediately one came onto a cavity filled with 
a grey-brown mass. The opening in the patella was widened, and the 
tissues filling the hole, which was about the size of a hazel-nut, were 
scraped out. The walls of the hole were sclerotic and firm; here and 
there there were ridge-like projections. The only opening was near the 
ligamentum patella. The soft parts were sutured. 

Pathological Investigation. The ground substance consisted of numer- 
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Fig. 1. 

Lateral view of patella before operation. 


ous regular multinucleate giant cells of epulis type. There was also 
plentiful blood pigment, and individual fragments of necrotic bone. The 
picture appeared benign. 

Diagnosis: Localised osteitis fibrosa, or benign giant cell tumour 
(A. L. Fig. 2). 

28.11.45. The patient returned home, walking quite well; able to 
bend the knee to 90°. 


5 of the 21 cases in the literature were treated by curettage; 
in 2 the condition recurred. The present case has been followed 
for 3 y 2 years. 


17.6.46: Reports continued improvement. Walks well on flat ground : 
can walk for over a mile. Has difficulty in kneeling on the knee. Pain 


35 Acta orthopaedica, vol. XIX, 4 
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across the R. knee when she sits for a long time with the knee flexed. No 
stiffness in the morning. Sometimes pain on walking upstairs. No 
spontaneous pain; no swelling. 

0. E. R. knee. Palpable, but not measurable, atrophy of the thigh 
muscles. Circumference 15 cm. above the upper border of the patella 



Fig. 2. 

Microscopic picture of resected material. 


47 cm. on both sides. No swelling. Full active extension and flexion. 
Bilateral small, retropatellar crepitations on extension. Normal gait. 

Radiography: “The operation cavity has been considerably filled 
in with bone tissue" (signed) 0. O. (Fig. 3). 

5M.’n: Reports she is better than at the last examination. Walks 
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unchanged. No swelling. Full active flexion and extension. Small bilater- 
al retropatellar crepitations. Gait N. A. D. 

Radiography: “Comparison with the radiograph of 17.6.46 shows 
further hone formation in the cavity. Only a small cavity, the size 



Fig. 3. 

Lateral view of patella immediately after operation. 


well in rough country for over a mile. No difficulty in going up stairs. 
May still have some pain from the knee after sitting for a long time 
with the knee flexed (e.g. at a cinema). No stiffness in the mornings. 
No spontaneous pain. No swelling. 

O.E. R. knee. No atrophy of the thigh muscles, and circumference 
of a pea, remains in the medial part of the patella. Otherwise the hone 
outline of the patella is well-defined”, (signed) O. 0. 

12.7.49: Reports that she feels almost cured. No difficulty in walking 
on rough ground or on stairs. Occasionally she has slight discomfort after 
sitting for a long time with the knee flexed. No stiffness in the morning. 
No swelling; no spontaneous pain. 


35 * 
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0. E. No atrophy of the thigh muscles. Measurements unchanged. Full 
active extension and flexion. No swelling. Small bilateral retropatellar 
crepitations. Gait: N. A. D. 

Radiography : “Comparison with previous picture shows further bone 
formation in the cavity, of which only an insignificant remainder per- 
sists. There also appears to he slight periosteal bone formation . (signed) 
O. 0. (Fig. 4). 

i ■ ■ • - 



Eig. h. 

Lateral view of patella 3)4 years after operation. 


In the embryo the patella passes through pronounced 
pre-cartilaginous and cartilaginous phases in its development. 
Gcschichicr and Copeland found that giant cell tumours occur 
exclusively in hone which originates embryologically from 
cartilage. They believe that this type of tumour is caused 
hv trauma to the cartilaginous hone. The trauma damages 
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the periosteal blood vessels, and the result is a reduced blood 
supply to part of the bone. They have also suggested that the 
tumour represents a local overstimulation of osteoclastic 
activity, which has caused a revascularisation of the part. 
They have stressed earlier that benign giant cell tumours 
occur in places where the spongiosa is relatively soft, as in 
the proximal part of the tibia. When there is considerable 
mechanical resistance to its growth, as in the solid cortical 
bone of the shaft of the femur, it remains as a localised oste- 
itis fibrosa containing many giant cells. This theory agrees 
well with the finding of these tumours in the patella, which 
has hardly any cortex and is virtually all spongiosa. 

From the point of view of insurance, it is of great interest 
to know how far trauma can be regarded as influencing the 
occurrence of the tumour, especially as, according to the 
literature, it affects mainly those between 28 and 30 years. 
Trauma seems to have occurred in 19 out of the 21 cases in 
the literature, but one must not, of course, attribute too much 
importance to this, since the patella is often injured without 
any persisting symptoms arising. Further, one would expect 
the tumour to occur more often, if trauma was the cause. 
The trauma appears to occur usually from weeks to years 
before any symptoms appear. In fact, it is doubtful whether 
trauma can really be regarded as predisposing to this condi- 
tion. 

The Americans insist upon routine resection of the patella 
in cases of benign giant cell tumour for two reasons. Firstly, 
relapses do occur; secondly, it is, according to Geschichter 
and Copeland, difficult to distinguish it radiographically, or 
even microscopically, from malignant conditions. 

Nevertheless, curettage was used in this case in order to 
save the patella, if possible. So far, the follow-up examination 
has given rise to no fear of relapse or malignancy. A pre- 
requisite for the use of this less mutilating operation is, of 
course, that the curettage is sufficiently extensive and is 
carried into healthy bone, and that the patient is followed 
up. 
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S U M M A R Y 

1. The commonest age for benign giant cell tumour is 
28-30 years. 

2. In 20 out of the 22 published cases trauma was regarded 
as a predisposing factor. 

3. The occurrence of benign giant cell tumour in the patella 
agrees with the theory that this tumour develops only in 
spongiosa hone, which embryologically arises from cartilage. 

4. This case, in which the less disabling curetting operation 
was used, does not give any support for the American view 
that the resection of the patella should be routine in these 
cases. 

5. If the curetting method is used, the case must be follow- 
ed up for at least 3 years, in view of the risk of recurrence and 
malignant degeneration. 


RESUME 

1. L’age le plus commun pour 1’apparition de tumeur 
benigne a cellule geante est 28 — 30 ans. 

2. Dans 20 des 22 cas publies, un traumatisme etait con- 
sidere comme un facteur predisposant. 

3. L’apparition de tumeur benigne a cellule geante dans 
la rotule Concorde avec la theorie que la tumeur ne se deve- 
loppe que dans les os spongieux qui embryologiqueinent des 
cartilages. 

4. Ce cas, dans lequel on a procede a un curettage, c’est- 
a-dire a une operation moins radicale, n’appuie absolument 
pas la theorie americaine suivant laquelle il convient de pro- 
ceder a la resection de la rotule. 

5. Si Ton recourt au curettage, le cas doit etre minutieuse- 
ment suivi, au moins pendant 3 ans, en raison des risques de 
rechute ou de degeneration maligne. 

Z U S A M M E N FASSUNG 

1. Das gewohnlichste Alter fiir den gutartigen Riesen- 
zellentumor ist das 28. — 30. Lebensjahr. 
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2. In 20 der bisher besehriebenen 22 Falle wurde das 
Tauma als pradisponierender Faktor angesehen. 

3. Das Vorkommen von gutartigen Riesenzelltunioren in 
der patella stimmt gut liberein mit der Theorie, dass diese 
tumoren ausschliesslich in spongiosem Ivnochen vorkommen, 
der embryologisch vom Knorpel abstammt. 

4. Ein Anhaltspunkt fur die von Amerikaneren stereo- 
typisch anbefohlene Patellarresektion liegt nicht vor in die- 
sem Fall und man bevorzugt hier die weniger verstiimmelnde 
Curettagetechnik. 

5. Anwendet man die Curettagetechnik, so muss man unter 
Hinblick auf die Gefahr des Rezidivs und der malignen Ent- 
artung wenigstens wahrend 3 Jahre deni Pat. folgen. 



FROM THE ORTHOPAEDIC DEPARTMENT OF THE KAR0L1NSKA 
INSTITUTE: STOCKHOLM. CHIEF: PROFESSOR STER FRIBERG. 


A SURGICAL APPROACH FOR 
SYNOVECTOMY OF THE KNEE JOINT 

BY 

CARL HIRSCH, M.D. 


Total synovectomy of the knee-joint is a rather rare opera- 
tion. Usually only parts of the synovial membrane are removed. 
Excluding tumours the most important indication for partial 
removal of the joint capsule is chronic synovitis, usually 
with exudate. Diagnostic excisions are also made in order 
to obtain material for pathological examination. 

One of the disadvantages of opening the knee-joint in ir- 
ritative conditions is the necessary post-operative inactivity. 
If this is prolonged, the scar formation and adhesions, which 
so readily occur, delay the recovery of the original function 
of the joint. 

If the operation could be performed so that the tissues most 
important for the function of the joint were not injured, the 
indications for synovectomy could he widened, and the results 
of therapeutic excision of the capsule could be better assessed. 
Some of the had results which are now obtained may he 
caused by intra-articular svnechiae. 

In 1945 Abbott and Carpenter gave a full account of the 
different approaches to the knee-joint. All involve incision 
of the fibrous capsule in one way or another, and the period 
of postoperative immobilisation is determined by the time 
which the capsule takes to heal. Even when the fibrous capsule 
is carefully sutured, so that movements can he begun early, the 
fact that there is a lesion of the capsule means that the normal 
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function of the knee cannot be restored before a consider- 
able period of time has elapsed, and the scar causes a loss of 
elasticity which limits the range of movement. Incision of 
the outer capsule has, however, the advantage that more of 
the joint can be seen, and this may be of diagnostic import- 
ance. 

In cases in which one can a priori decide to limit the 
operation to a partial excision of the synovial membrane, it is 
often sufficient to remove only the suprapatellar pouch, which, 
with few exceptions, communicates with the knee-joint. In 
7 cases the author has used a method which has not, as far 
as he can find, been described before, and which seems worth 
describing. 

The patient lies on his back with the knee extended. A 
curved incision is made round the ujrper medial border of the 
patella (see fig. 1). 

The fascia of the vastus medialis is found deep to the 
subcutaneous fat. It is incised and the muscle is divided by 
blunt dissection in the line of the fibres, which run roughly 
at right angles to the skin incision (fig. 2 and 3). 

One now has direct access to the suprapatellar synovial pouch 
and can usually separate off its upper and medial parts by blunt 
dissection. Either the whole or parts of this sack-shaped exten- 
sion from the joint cavity are freed and excised. The fibres 
of the vastus return to their original position, so the author 
inserts only a few separate subcutaneous and skin sutures. 
The vastus is not sutured. The operation has always been 
performed after application of an Esmarch’s bandage, and 
no bleeding has been encountered. After the wound is closed, 
a compression bandage is applied to the knee, with maximum 
pressure over the site of the pouch. This bandage is left on 
for one or two days. It is then replaced by a light elastic 
bandage, and active exercises, consisting of raising the extend- 
ed leg and flexion exercises, are now begun. After a week the 
patient is allowed to get up. 

4 of the cases had a chronic non-specific exudative svno\- 
itis, and 3 a subacute polyarthritis. No complications occurred. 
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S U M M A R V 

The author describes a technique for partial or total 
synovectomy of the suprapatellar pouch. He uses a trans- 
muscular approach through the vastus medialis, and the 
fibrous capsule is not damaged. In this way the risk of scar- 
ring and adhesion formation is reduced, and the post-operative 
function is less impaired because the operation allows early 
movements. 


RESUME 

L’auteur decrit une technique de synovectomie partielle ou 
sub-total de la bourse supra-partellaire. II utilise la voie trans- 
muculaire a travers le vastus medialis et la capsule fibreuse 
n’est pas endomagee. De cette maniere, on diminue le risque 
de cicatrice ou de formation d’adherences, et la fonction 
post-operatoire est moins troublee, etant donne que l’operation 
permet le retablissement rapide des mouvements. 

Z U S A M M ENFASSUNG 

Der Yerfasser beschreibt eine Technik fur die teilweise 
oder subtotale Synovektomie des Recessus suprapatellaris. Er 
verwendet einen transmuskularen Zugang durch den vastus 
medialis, wobei die fibrose Iiapsel nicht gesehadigt wird. 
Dadurch wird die Gefahr der postoperativen Narben und Ad- 
hasionsbildung herabgesetzt. Die postoperative Funktion isl 
weniger gestort, da die Operation zeitige Bewegung erlaubl. 


LITERATURE 

Abott, L. C. and Carpenter, W. F.: Surgical Approaches to the Knee 
Joint. J. Bone and Jt. Surg. Vol. XXVII, 2, 1945. 



PROCEEDINGS OF 

THE NORDISK ORTOPEDISK FORENING’s 
24TH MEETING IN HELSINGFORS 
JUNE 1949 

The annual meeting of the Scandinavian orthopaedic association was 
held at Helsingfors, Finland June 49 under the precidency of 
G. Wallgren, Helsingfors. 

EXPERIENCE WITH BUNNELL’S PULL-OUT WIRE SUTURES 
by Erik Mob erg (Goteborg) 

Bunnell’s method of suture with stainless steel wire and a pull-out 
wire has been used in the reconstruction of the hand, as shown in the 
picture and in the Table. 

The pull-out wire technique has been used for 

attachment of tendons in tenodeses 

attachment of digital ligaments - 

attachment of ruptured dorsal aponeourosis 

to the base of the middle phalanx 

ditto to the base of the distal phalanx 

attachment of flexor profundus to its fractured 

insertion 

attachment of tendons to the skeleton 

in free tendon transplantations 
in reattachment of tendons 
in tendon transfers 

suture of flexor tendons 

79 cases 


8 cases 

^ 99 

7 „ 

16 „ 

3 „ 

37 „ 

3 „ 


In 2 cases the pull-out wire broke when pulled; this is a complication 
which can, no doubt, be aA'oided by using a rubber band for traction on 
the suture in cases which may give difficulty. No gliding function was 
obtained in the 3 cases of group 7. In the rest of the cases the results 
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' Yere uniformly good, and the method can be regarded as a considerable 
advance in a field where other techniques are difficult to carry out and 
have given unsatisfactory results. 


Suture and pull-out wire for fixing the fractured attachment of the flexor 

profundus to the finger. 



DISCUSSION: 

Bentzon (Arhus) has for a number of years consistently used the 
pull-out wire principle in various operations, e.g. in the interposition 
treatment of painful pseudarthrosis fractures of the carpal navicular 
bone. In these cases the fatty connective tissue flap is fixed to the bottom 
of the fracture gap with a suture which is passed double through the 
skin on the volar surface of the wrist. For these operations he always 
uses fish gut (silkworm gut), which never give trouble in pulling out 
as they is so smooth and flexible. 

Severin, Moberg. 


MEDULLARY NAILS AS AN AID TO CERTAIN PLASTIC BONE 
OPERATIONS 

by Anders Westerborn (Goteborg) 

Medullary nailing has now won a secure place in the surgery of 
fractures. Experience of its use in plastic bone operation is, however, 
still small, and it is desirable that cases in which it has been used 
in this Way should be reported. 

In Surgical Department II of the Sahlgrenska Sjukhus, medullary 
nailing has been used in 20 cases of hone-shortening, hone-lengthening, 
correction of faulty positions and joint resections, and the experience 
gained has been very encouraging. The main advantages are the absolute 
fixation, which facilitates union, and the avoidance of a big plaslci 
cast in the after treatment. Further, stiffness in the joints is avoided, 
since physiotheraphy can be started early and the patient can he allowed 
up early. In some cases medullary nailing makes it possible to carrj out 
a more radical treatment than would otherwise he possible. The nail 
has no harmful effect on the tissues, in particular none on the hone- 
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marrow. The risk of infection is very small, and can be still further 
reduced by the use of sulfa and penicillin preparations. 

Some typical cases of medullary nailing for resection of the knee, 
hone-shortening and subtrochanteric osteotomy were reported. 


DISCUSSION: 

Bcntzon: Dr. Westerborn’s proposal to widen the indications for the 
use of medullary nailing must be regarded critically. The medullary 
nail principle can undoubtedly be said to have some mechanical advant- 
ages, but from both the biological and the general surgical points of 
view the method is less attractive, and one can never disregard the risk 
involved in inserting such a large foreign body into the marrow cavity. 
In October, 1948, I attended the Annual Meeting of the B.O.A. in Belfast, 
where a paper was given on the medullary nailing of fractures. The 
British orthopaedic surgeons present were completely silent; they clearly 
avoided the method. I, however, felt bound to report a case of pseudarth- 
rosis of the femoral shaft which had been treated by medullary nailing, 
and which,, in spite of all lege artis treatment (preparatory penicillin 
treatment, etc.), became infected. In such cases the infection spreads 
rapidly along the nail through the whole marrow cavity. Finally it was 
necessary to amputate. 

I regard the use of a medullary nail for a simple knee resection, 
involving as it does the opening of the medullary cavities of both the 
tibia and the femur, as inexcusable, for there are a number of other, 
less extensive, and very satisfactory methods of primary fixation after 
a knee resection. 

Agcrholm-Christensen (Copenhagen) : We have become very reserved 
in our use of medullary nailing. In our experience callus formation is 
delayed and the risk of delayed healing and possible pseudartlirosis 
is increased. We have also seen that the medullary nail may bend after 
a long period of non-weight-bearing, and we have been faced with the 
difficult problem of removing the bent nail, for which it is often 
necessary to chisel away a considerable amount of bone, and of then 
performing some other kind of osteosynthesis. 

67en Bribery (Stockholm): I should like to join myself with what 
Dr. Bcntzon has said. It cannot be denied that the Kiintscher nail is 
sometimes a great help, but it has hardly had the general success which 
vas at first expected, and surgeons in various places are becoming a 
little more cautious about its use. Whether it is used for fresh fractures, 
pscudarlhroses, bone shortenings, or joint resections, it has been generally 
found that the consolidation is slow. This could also be seen in three 
of Dr. M esterborn’s cases. One must also question both the advisability 
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of performing an arthrodesis in a still active arthritis and the wisdom 
of using in the knee joint a Kiintscher nail, which makes its own track 
into the medullary cavities and reduces the chances of a good contact of 
the osteotomy surfaces. 

Westerborn, Storen. 


THE INDICATIONS 

FOR OPEN REDUCTION OF CONGENITAL 
DISLOCATION OF THE HIP 

E. Platou (Oslo): The results of open reduction of 50 hips in 44 
children with congenital dislocation of the hip. 

The indications for open reduction were: 

1) All hips which a skilled orthopaedic surgeon could not reduce in 30 
minutes. 

2) All hips where the head was too far out and re-dislocated easily 
without marked slipping. 

3) All hips which redislocated while in plaster or later, and in which 
there had been no fault in technique. 

The hip-joint was exposed by a Smith-Petersen’s incision. In about 
half of the cases it was not necessary to divide the rectus muscle. 

The joint capsule was opened widely with a cross-shaped incision, 
and the tissues preventing reduction were removed. The bony parts 
of the acetabulum were never touched. 

Plaster was applied with the hip in full extension, 50’ abduction, 
and 30-40’ pronation, and left on for 8 weeks. After this a plaster shell 
was applied with 30’ abduction and still 30-40’ pronation. Massage and 
stretching was given daily. After 4-8 weeks the child was allowed up 
on a tricycle; after a further 4 weeks he began to walk. i.e. 4-5 months 


after the operation. 

The obstructions preventing reduction were: 

Isthmus 21 hips 

Isthmus -f- ligamentum teres — ^ "ips 

Ligamentum teres — - :> hips 

capsular fold above - •• 3 hips 

„ „ below - - -••• 1° hips 

„ „ „ -f ligamentum teres 3 hips 

Connective tissue in the acetabulum — ^ hips 


In some cases the reduction was unsatisfactory. The head was too big 
for the acetabulum, and could not be brought properly under the upper 
rim. In these cases a shelf operation was considered. A shelf was made at 
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the end of the operation in 5 hips, and a later date in 5 hips; in 2 it was 
made before the open reduction. 

When the head is in position, the question is: what is the position 
of the limb and how much pronation is required to keep it in the best 
position. This depends on the original antetorsion. The physiological 
antelorsion is about 20’, so that a corresponding pronation of the limb 
is normal. If 60-90’ pronation was necessary a rotation osteotomy was 
performed 4 weeks after the reduction. 

The clinical results are summarised under the following headings: 
Excllcnt: no symptoms from the hip-joint. 

Good: slight symptoms, viz: a slight limp and slight pain after extra 
exertion, hut no inconvenience from the hip in daily life. 

Dad: a marked limp, with constant pain and considerable inconvenience 
from the hip in daily life. 

The radiographic results are also summarised under 3 headings: 

Cured: a normal liip-joint (In most cases there will be some small 
deviations from the normal, but in this group they were thought to 
he insignificant). 

Good result: a moderate deformity of the femoral head and neck or of 
the acetabulum, a slightly high position of the head, but no sub- 
luxation. 

Dad result: luxation or subluxation, and marked deformity of the head 
and neck. 

For the sake of simplicity the materiel is divided into 2 groups, good 
and exellent results being taken together. 

1-5 years after operation: 

On discharge 1—5 years afler operation 


Clinical result 18 good 18 good 

C bad 6 bad 

Anatomical result 17 good 17 good 

7 bad 7 had 


1 lie pi imary results have remained unchanged. But the picture is 
quite different 5-13 years after operation. 

On discharge 5—13 years after operation 


Clinical result _ 20 good 13 g00 d 

3 bad 10 bad 

Anatomical result 19 good 6 good 

4 had 17 bad 


Out of 20 good primary clinical results, 7, or one third, and of 19 
good primary anatomical results 13, or two thirds, have changed to had 

■rnenll o 
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Of 13 clinically good results only 6 are anatomically satisfactory. This 
demonstrates the old experience that one cannot say anything definite 
about the function from the radiographic picture. But I am afraid that 
in 10 years time many of the 13 now classed as good clinical results will 
no longer be in that group. 

Rotation osteotomy was performed 4 times, twice with a good result 
and twice with a bad result. 

To summarise our experiences: 

One should not be over reluctant to use open reduction. 

Smith-Petersen’s incision is the simplest approach to the hip-joint. 
It does not cause much bleeding, and children stand the operation well. 

We are most glad that we have been able to see the importance of 
antetorsion for the position and have been convinced that rotation 
osteotomy is both useful and necessary. It should undoubtedly be used 
much more widely than it is. 

E. Severin (Goteborg) : Open reduction of congenital dislocation of the 
hip has been reserved by most surgeons for cases in which closed treat- 
ment is unsuccessful. In recent years the indications for open reduction 
have been widened by some surgeons. The most extreme representative 
of the active group was the late Lcveuf. He considered that closed 
treatment of a complete dislocation was bound to fail, since the 
limbus, the capsule, the ligamentum teres and other soft tissues 
must lie as a hindrance to the head on its way into the acetabulum. 
Leueuf wrote: “When good results were obtained in congenital dislocation 
of the hip by closed reduction without arthrography, according to the 
former methods, the condition was a primary subluxation and never a 
true luxation.” (Jour, of Bone Jt. Surg., Oct. 1948). Consequently, he 
recommends open reduction for all cases with complete dislocation. 

Leveuf’s method of operation is drastic. After chiselling away the 
trochanter, the soft parts are cleared out of the acetabulum, the capsule 
is freed from off the ilium, a shelf is made, and in some cases an 
osteotomy of the neck of the femur is performed. The neck is pinned 
with the head and neck in the corrected position. 

The most important argument in favour of this big operation should 
be that there is a primary interposition of soft tissues between the head 
and the pelvis, and that these could not be removed by closed treatment. 

In order to show the progress of a congenitally dislocated hip after 
reduction I have studied the arthrograms of 115 dislocated hips in 77 
cases treated during the years 1937-40 at the Orthopaedic Clinic, Van- 
foreanstalten, Stockholm. In one third of the cases arthrography was 
repeated one or more times during treatment. 

The main lessons which can be learnt from the investigation are: 
When a complete dislocation is reduced in a child over 1 year one can 
never expect that the cartilaginous roof of the acetabulum will immedi- 


36 Acta orthopaedlca, vol. XIX, 4 
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ately take on a normal form. In half of the cases the limbus is pushed 
up above the Y-line, and in the other half it is interposed between the 
head and the pelvis. A primary interposition does not, however, mean 
that closed treatment is hound to fail. On the contrary, it is a usual 
finding that the interposition is overcome in the course of a few weeks 
or a few months, if the head can be maintained against the acetabulum. 
The later course of these cases with primary interposition is no more 
unsatisfactory than that of other cases. In other words: a primary 
interposition does not in itself justify open reduction. 

72 hips, all with complete dislocation confirmed on the arthrograms, 
which have been treated by closed reduction, have been followed up for 
at least 5 years. In no case did dislocation recur after the treatment was 
completed. In one third of the cases subluxation had occurred, and in 
the remaining two thirds the head was in a normal position in the ace- 
tabulum. 

The arthrograms as well as the follow-up studies show that even 
complete dislocations could be successfully treated by closed reduction. 
Published pictures and case-histories show that deformans changes occur 
in a very high percentage of hips treated by open reduction. Closed 
treatment carried out. by modern methods, with early gentle reduction 
and free rotation at the hip after reduction, gives late anatomical results 
which, as far as we can judge now, are far superior to those of open 
treatment. It would therefore be incorrect to use open reduction as a 
standard method in the treatment of congenital dislocation of the hip. 
Open reduction should only he considered for cases in which closed 
reduction docs not give the desired result. 

(Paper to he published with illustrations, in the Acta Orthopaedica 
Scandinavica.) 

S. Bam cr-Rasm us sen (Helsingfors) : At the Orthopedic Hospital of the 
Rehabilitation Centre of the Invaliidisaaatio-Invalidstiftelsen, about 50 
children with congenital dislocation of the hip have. been treated by open 
reduction during the last 3 years. The reason for adopting this procedure 
■\\as the dissatisfaction felt here — as elsewhere — with the large proportion 
of poor results obtained with closed reduction. The follow-up of the im- 
mediate results of the operation is still in progress, so it is not possible 
to give exact information. 

I he indications for operation have always been considered in relation 
to the arthrograms after closed reduction has been tried. At first these 
were regarded with considerable pessimism, so the indications were 
relatively wide. But increasing experience has narrowed the indications 
to: 

cases in which the femoral head cannot be brought down to the level 

of the acetabulum, 



PROCEEDINGS 


565 


cases which have been unsuccessfully treated in other hospitals, or have 
re-dislocated while in plaster, 
cases in which the head will not pass the isthmus, 

and finally cases in which the arthrogram shows a significant and 
massive inter-position of the soft parts (not contrast positive) be- 
tween the head and the bottom of the acetabulum. 

.In border line cases unilateral involvement favours operation, and 
bilateral involvement is a relative contra-indication. 

TECHNICAL ASPECTS OF THE OPERATIVE REDUCTION OF 
CONGENITAL DISLOCATION OF THE HIP 
by F. Langenskiold (Helsingfors) 

The technique used at the Orthopaedic Hospital of the Rehabilitation 
Centre of the Invaliidisaatio-Invalidstiftelsen has been influenced by the 
following observations: 

1) Most of the redislocations seen after manipulation are anterior, 
obviously due to the marked anteversion of the head and neck, 
combined with external rotation. 

2) After reduction, the gluteus minimus muscle is flaccid. 

3) The longer the period of immobilisation after operative reduction, 
the poorer is the mobility. 

From these observations we have drawn the following conclusions: 

1) An anteversion of more than 60° must be corrected by osteotomy. 

2) The internal rotation must not be wakened by any such measure 
as detaching the gluteus minimus muscle from the iliac crest. In- 
stead, it should be strengthened by attaching the capsule to 
the neck, under tension, and by transplanting the greater troch- 
anter, with the insertion of the gluteus muscles, downwards and 
backwards. 

3) Immobilisation in plaster is reduced to 2-3 weeks, followed by 3 
weeks of skin traction. 

A detailed report of the technique will be published in this journal. 


REDUCTION AND SHELF OPERATIONS IN OVER-AGE CASES OF 
CONGENITAL DISLOCATION OF THE HIP 
by Gunnar Wiberg (Lund) 

Over-age cases of congenital dislocation of the hip, by which is meant 
cases which do not come for treatment in the first 2 years of life, may 
be treated by slow reduction by traction applied for several weeks. 
When, in this way, the head has been reduced to a central position in 
the acetabulum, a final open reduction, supplemented with a shelf opera- 


36 * 
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tion. can be performed if necessary, The shelf is made, as originally 
recommended by Gill, by completely breaking down the whole roof of 
the acetabulum. 2 cases, aged 4 and 5 years respectively, were reported. 

the SHELF OPERATION AS A SUPPLEMENTARY OPERATION FOR 
CONGENITAL DISLOCATION OF THE HIP 
by H. S. Xissen-Lic (Oslo) 

57 patients, aged between 2 and 10 years, with congenital disloca- 
tion of the hip treated by a shelf operation after closed reduction, are 
reported. The indication was reluxation after repeated attempts at 
reduction. The operations were performed 3 months to 3 years after the 
first reduction. 

47 patients were re-examined more than 2 years after the operation. 
At the follow-up examination 20 were symptom-free, 23 had no pain 
hut a slight limp, 14 had pain and considerable limp. 

The radiographic result was far worse. In only 1/4 (13) was the 
result satisfactory; in 29 cases there was a shallow acetabulum with 
a subluxated head, in 15 there was a total luxation. In 20 cases the 
shelf had either been totally resorbed, or was so high that it was no 
use. 

The reasons for the bad results are discussed. The main factor 
appears to be the reduction. If a satisfactory reduction had not been 
obtained, the result was usually bad. If the reduction had been satis- 
factory, the result was good, but it is doubtful whether the shelf played 
any part in the good result. 

The investigation seems to show that shelf operations do not 
materially improve the prognosis, and that one must always aim to 
obtain an anatomical reduction, if necessary by open reduction. 

On the other hand, shelf operations appear to have a good result in 
subluxalion cases aged over 5 years. 

DISCUSSION; 

Storen (Stavcrn): In concction with Nisscn-Lie’s paper I should like 
to report one case which I believe is included in his material. I report 
it because the operation which I performed should he tried in cases 
" here a shelf operation fails. The shelf operation had been performed 
twice, presumably both limes satisfactorily from the technical point 
of view. When the patient came to me she had a marked limp from 
a strongly positive Trendelenberg. She was said to have limped more since 
the last operation. The radiographs shows that the acetabulum is quite 
indefinite, only traces of a shelf remain, and the head lies outside its 
outer border. 

I performed an operation which was described by Colonna: After 
thorough preparation by traction in internal rotation an open reduction 
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is performed. The capsule is incised near its acetabular attachment. A 
deep, wide acetabulum is chiselled out at the original site, so that one 
can see the Y cartilage centrally at the bottom. The capsule is sewn 
up over the head. No attempt at all is made to mould the head, which 
is reduced. Plaster is applied for 3-4 weeks in extension and abduction. 

The operation is drastic, and cannot be called physiological, but 
Colonna has followed up cases for 10 years and found such good results 
that I thought it justifiable to try the method in a bad case like this. 
I operated on her 4 months ago, and the preliminary result at any rate 
is good. There is no danger of re-dislocation, but the mobility will 
probably be reduced. 

E. Severin: In assessing the indications for open reduction, it is not 
possible so to simplify the problem that open reduction should be done 
in all cases where closed reduction has been unsuccessful. If the patient 
is over age, or the dislocation is very high and there is rigidity of the 
soft tissues, either reduction cannot he performed by any means, or it 
can be carried out only with such trauma to the joint that secondary 
deformity and stiffness must be the inevitable result. One must be 
clear about what will be gained and what lost by the operation. A 
stiff hip on one side does not necessarily mean a big disability for the 
patient. Two stiff hips, particularly if they are painful, are severely 
disabling. The indications for treatment cannot therefore be the same 
for cases with dislocation on one and on both sides. 

In cases with unilateral dislocation one must, even when there is 
evident risk of later deformans changes in the joint, try to secure the 
femoral head in the region of the acetabulum. When, by reduction, the 
considerable difference in the length of the two legs is reduced, a good 
foundation has been laid for future orthopaedic procedures, whether 
these be arthroplasty or arthrodesis, if they should be necessary. Even 
though the joint either becomes or is made quite stiff, the price is worth 
paying. 

This is not so in cases with bilateral dislocation. If, in these cases, 
bilateral painful stiff hip develops, the treatment has worsened the 
patient’s condition instead of improving it. A persistent dislocation 
can sometimes give astonishingly little trouble. I have seen a patient 
with persistent bilateral congenital dislocation of the hip who was 
still, at 35 years of age, doing heavy agricultural work without any 
complaint e.xept of his limp. However, sublu.xation with arthritis de- 
formans usually gives considerable trouble in adults. When the reduction 
is very difficult the risk of future deformity and subluxation is always 
considerable. If the dislocation is bilateral it may be best to avoid 
completing the reduction. If, in a case of bilateral dislocation, one 
succeeds in reducing only one hip, the future functional result will 
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he very poor. Usually subluxation and deformans changes in the reduced 
hip occur early. It is true that the patient limps worse on the unreduced 
side, but as it is the reduced side which is painful, it is the reduced 
side which causes the most disability. So soon as it is seen that in a case 
of bilateral congenital dislocation of the hip it is only possible to 
reduce one hip, this hip should he redislocated and both hips left 
unreduced. 

This negative indication will he altered the day we have a fully 
reliable arthroplastic treatment. 

The following principles for the treatment of congenital dislocation 
of the hip might he laid down: 

A. Closed reduction should always be attempted first. It should be 
carried out as early as possible and without much manual force. 
“Slow” reduction with extension and abduction may be tried. If 
reduction cannot he obtained without trauma, closed reduction is 
considered to have failed. 

R. Open reduction is used: 

I: In unilateral cases 

a) with unsuccessful primary reduction, 

b) with persistent subluxation after closed reduction, in spite of 

2 months retention of the head against the acetabulum, 

c) with redislocation or a tendency to redislocation after complete 

closed reduction. 

II: In bilateral cases 

a) Closed reduction has been successful on one side. Open reduction 

is performed on the other side 

1) with unsuccessful primary closed reduction 

2) with persisting interposition after bloodless reduction in 
spite of at least 2 months retention of the head in the 
acetabular fossa, 

3) with redislocation, or a tendency to redislocation, after 
complete closed reduction. 

b) Closed reduction has failed on both sides. 

If the head can he pulled down on both sides, open reduction 
should he considered. 

c) If there is a high dislocation with rigidity of the soft tissue 

on both sides both joints should he left unreduced. 


In these proposals I have intentionally avoided stating any definite 
age limits. The radiographic apperance and the findings on palpation, 
perhaps under anaesthesia, are more important than the patient’s age. 

Bentzon, F. Lnngenshwld, Berntsen, Friberg, Platon. 
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METATARSUS PRIMUS FLEXUS 
by K. Vainio (Helsinki) 

By the term metatarsus primus flexus we mean the plantarflexion 
of the 1st metatarsal, which occurs when the peroneus longus is stronger 
than its antagonist, the tibialis anterior. In this condition the ground 
is touched first, when walking, by the fallen capitulum, and secondary 
changes develop on it. Metatarsus primus flexus may he seen in a wide 
variety of static and functional disorders of the foot. It was seen in 45 
out of 1500 patients af.te Orthopedic Hospital of the Rehabilitation Center 
of Invaliidisaatio-lnvalidstiftelsen. 

Treatment: For mild cases, conservative treatment with exercises 
and foot support. For moderately severe static deformities, Benzons 
operation, i.e. division of the peroneus longus tendon and attachment of 
the proximal stump to the peroneus brevis. For paralytic cases, the 
peroneus longus should be transferred to the insertion of the tibialis 
anterior. Gocht’s transplantation of the extensor hallucis longus to the 
first metatarsal does not give, a satisfactory result. For severe cases 
with fixed deformity, the tendon transplantation is supplemented by 
subtalar arthrodesis or wedge resection in the cuneometatarsal joint. 
In spastic cases the peroneus longus is weakened by Stoffel’s technique. 

A CASE OF ACQUIRED LUMBAR SPONDYLOLISTHESIS 
by Lars ZJ nander-Scharin (Stockholm) 

A case of spondylolysis and spondylolisthesis of the neural arch 
of a 3rd. lumbar vertebra, which had shown no abnormality at 3 previous 
radiographic examinations, is reported. The spondylolysis was observed 
5 years after an osteosynthesis between the 3rd. lumbar vertebra and 
the sacrum. The osteosynthesis had been performed because of pain 
in the back, associated with definite radiographic evidence of degenera- 
tion of the 4th. intervertebral disc. A theoretical distinction has been 
made between congenital, acquired and traumatic spondylolyses. Previ- 
ously, only congenital spondylolyses had been demonstrated. This case 
can be regarded as confirmation of the occurrence of acquired spondylo- 
lysis. It is also interesting as being the only one reported as occurring 
after a lumbar osteosynthesis. 

DISCUSSION: 

Bentzon reported that the Orthopaedic Hospital in Arhus had had 
about 100 cases of spondylolisthesis. In only 1 of them was it possible to 
show on radiographs taken at definite intervals any increase in the dis- 
placement. He described and showed on a film the method he used for fix- 
ing the spondylolisthesis with a long cross graft, inserted into a notch in 
the lower surface of the spinous process of the vertebra above the 
spondylolisthetic vertebra — i.e. usually L IV — so that it rests, on both 



570 


PROCEEDINGS 


sides, on the gutters chiselled out on the iliac crest (see Acta Ortho- 
paedica Scandinavica Vol. IX P. 175). 

Storen: Regarding the operative treatment of these cases I should 
like to mention the operation which is rational for cases with con- 
siderable slipping at the spondylolisthesis, i.e. fixation of the bodies 
with an anterior hone graft. 

We know Pawel's law for fracture of the femoral neck: that com- 
pression encourages and tension discourages union at a pseudarthrosis. 
Examination of a spondylolisthesis with a considerable degree of 
slipping will show that the slipping will tend to compress an anterior 
graft and to pull on a posterior graft. The operation in advanced- cases 
of spondylolisthesis is not so simple as Mercer’s description in his 
Orthopaedic Surgery suggest, and Mercer’s technique cannot be used in 
these cases. I have chiselled out a grove a finger’s breadth wide and 
2-3 cm deep in the spongiosa of LV and SI, cut out as much as possible 
of the intervertebral cartilage, and replaced it with spongiosa from 
the vertebral bodies: finally, a spongy graft of iliac crest is fixed 
sagittally into the grove. I have done this operation 5 times, first in 
1944. The complication has been a tendency to ileus after the operation; 
this I believe to be due to oedema of the mesentery. 

Friberg, Unander-Sharin, Nissen-Lie. 

TRACTION LESIONS OF THE PERIPHERAL NERVES 
by Agcrholm-Christensen (Copenhagen) 

Apart from birth lesions the number of cases of traction lesions of 
the peripheral nerves is rather few, and these lesions undoubtedly occur 
more often than they are recognised. (Short histories of 5 typical cases 
seen in the last few months were given here). 

V hen I was working with Professor Seddon at the Peripheral Nerve 
Injury Unit at the Wingfield Hospital, Oxford in 1944-5, I collected 
together 94 cases of traction lesions of the peripheral nerves and we 
were to have published a paper on them. 

The subject is a big one and rather complicated, and only a few 
points will be made here. 

I he 94 cases formed about 7 % of the first 1300 nerve lesions seen 
at the Centre. 

Causes: The material was collected during the war, but the accidents 
which caused the lesions can all occur in peace time. 47 were caused by 
road accidents (31 motor cycle, 20 car, 6 bicycle), 16 by flying accidents, 
7 by falls, 4 by machinery accidents and 3 by surgery. 

Age-groups: 49 patients were aged between 20 and 30 vears, and 21 
between 30 and 40. 

Nerves Involved: The brachial plexus and its nerves were affected 
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in 67 cases, most due to characteristic falls on the shoulder. The sciatic 
nerve was affected by 13, either by dislocation of the hip or by hyper- 
flexion of the extended leg at the hip. The peroneal nerve was affected 
in 14 by adduction of the knee, usually with evulsion of the biceps 
tendon. 

Morbid anatomy: In the mildest cases, with clinical transient block, 
— “neurapraxia” — no changes were seen. In the severest cases there 
was complete rupture of the nerve with wide separation of the ends and 
very large neuromata. In the intermediate cases the picture showed a 
wide range of variation, but typical was the scattered patchiness of 
the changes along the nerve over considerable distances. This patchiness 
affected not only the nerve as a whole, but also the individual fibre, 
which might be injured in several places; further in some places the 
injury might involve the whole fibre — “neurotmesis” — while in others 
only the axon might be damaged, the sheaths being intact — “axonotmesis”. 
Macroscopically it is easy to recognise a traction lesion: the nerve has 
often a pinkish-yellow colour its consistency is harder than normal and 
uneven over long distances, and its surface is irregular. 

The clinical picture varies, of course, with the anatomical lesion. 
The mildest cases, Avith “apraxia” or “transient block” are hardly ever 
seen in special departments, as they recover before they arrive. The 
severest cases have complete motor and sensory loss. Intermediate cases 
show very different pictures, in accordance with the many variations 
of damage to the nerve fibres. On admission to a special department 
the clinical picture is often clearer than immediately after the injury, 
as there has usually been a lapse of 2-3 months and the transient block 
part of the picture has disappeared. 

Many cases show a characteristic dissociated lesion, the motor loss 
being usually more severe than the sensory: e.g. there may be a complete 
motor paralysis of the muscles supplied by the sciatic nerve, without 
any sensory impairment, or a complete motor paralysis of the muscles 
supplied by the brachial plexus and a partial sensory loss confined to 
the area supplied by the 5th and 6th cervical roots. 

Progress. Re-innervation is best followed by observing the return 
of voluntary muscle power. In traction lesions it does not follow the 
course observed for nerves damaged by more direct, localised injuries, 
neither as regards the rate of recovery nor its progress proximally- 
distally. Similarly, the onset and completion of recovery, both motor 
and sensory, is less predictable, and one must realise that re-innervation 
may occur very late, e.g. more than 3 years after injury, even for the 
proximal muscles of the arm. 

Treatment. The mildest cases, which show no reaction of degenera- 
tion in the muscles, recover spontaneously after a few weeks, and 
require no treatment beyond splinting and physiotherapy to maintain 
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full mobility. In the severest cases, early exploration, to discover whether 
there is a complete tear, is justified. If there is a complete tear the 
prognosis is bad, as the damage is usually so extensive that resection 
and suture are impossible, A cable nerve graft may, however, be con- 
sidered. If there is no tear, or the lesion does not warrant exploration 
because of its diffuse clinical picture, treatment must be conservative 
and persistent. Electrical treatment of the muscles, passive movements r 
of the joints, and splinting to avoid over-stretching of the muscles and \ 
contractures, must be persisted with for a considerably longer time i 
than with other types of nerve lesions, before hope of recovery is *. 
abandoned. 

DISCUSSION: I 

Bcntzon: Many years ago, when working on obstetric paralyses of j 
the brachial plexus, I was able to examine serial sections of these j 
damaged plexuses, and found, like Agerholm-Christensen, that the j 
lesions were widely scattered in the plexus. We have had similar ; 
experiences in the Orthopaedic Hospital in Arhus, where explorative I 
operations have been made on severely damaged brachial plexuses. j 
Usually, the conditions are such that there is no possibility of operative 
repair of the lesion. I will take this opportunity to call attention to 
the quite typical, but less well-known, traction lesion, which only 
damages the suprascapular nerve. Usually it is quite painless, passive 
movements of the shoulder are completely free, but abduction and eleva- 
tion of the arm is impaired by the paralysis of the supraspinatus muscle. 

A case which had been branded by the insurance doctor as a malingerer, 
because the doctor himself was ignorant of this isolated traction para- 
lysis, is reported. 

OLLIERS’s DISEASE 

by Bentzon (Arhus) 

That form of endochondromatosis which has been called Ollier’s i 
disease is a rare condition. Most publications about it appear because 
the author has come across a single case; this he reports, together with 
a bibliographical survey and his own ideas on the nature of the condi- 
tion— its etiology and pathogenesis. These ideas will almost inevitably 
be influenced in some degree by the pecularities of the author’s “own” 
case. At any rate, this was so when in 1924 I published my case, which 
was (to my mind at least) a very satisfactory one, because the condition 
was both sufficiently marked for the characteristic signs to be well 
developed, and yet not so severe that the changes on the radiographs 
had anywhere become so extreme that the original, very characteristic 
morphology was obscured. The extent and the position of the chondromat- 
ous formations in the bones involved could be clearly seen. As it is 
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almost exactly 25 years since I published the case (in Acta Radiologica 
vol. 3), I must assume that at least my younger colleagues here, who 
have not “specialized” in Ollier’s disease, will not have read the article 
in question. I propose therefore to give a short summary of the case 
and to show some of the radiographs. The patient was sent to Slomann’s 



Fig. la. Fig. lb. 


and my private clinic in January 1922. She was then 15 years old. Her 
family was a healthy one, and no other congenital deformities were 
known. The pregnancy and birth had been normal. When she was 5 
years old, her parents (a wealthy miller family from a Danish provincial 
town) noticed that her right leg was somewhat shorter than the left 
one, but not until she was 7 was the first radiograph taken. She later, 
at some years’ interval, twice fractured the medial epicondyle of the 
humerus — both times after sufficient trauma; hut at 13 she fractured 
the lower half of the femur of the short right leg. This fracture, 
occasioned by a simple fall with her bicycle, hit an area affected by 
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the chondromatosis, and it is reasonable to regard it as a spontaneous 
fracture of that area. The fracture healed without any dislocation. When 
I first saw her she was a normally developed girl of 15, with normal 
build apart from a shortening of 7 or 8 cm. of the right lower limb. 
Even at the age of 7 radiography of the pelvis and lower limbs had 
shown rarefactions, which were streaky in the os ilium femur and tibia. 
If you look particularly at the changes in the tibia (at the age of 7), 
you will notice partly the shortening of the bone compared with the 
sound side, partly the presence of translucenses in the tibial diaphyses 
and metaphyses; in the lower metaphyscs these appear as some- 
what irregular patches; hut in the upper metaphysis they form 
beautiful stripes arranged in a fan, opening rather laterally and upwards 
(Fig. 1 a). 

I have here contrasted my ease with the one published by the Nor- 
wegian pediatrician Johannessen (Fig. lb), and you will notice that 
his case was rather more severe than mine in degree, hut otherwise 
there is a remarkable similarity between the two cases in regard to the 
position, and even the number of chondromatous spots and stripes in 
the tibia. At that time, radiography was more casual than nowadays, 
and people were perhaps more stingy with photographic material. At 
any rate, I was the first to think of taking a picture in profile of such 
an Ollier-tibia. 1 took it because I thought it significant that the stripes 
of cartilage had always just that arrangement. The profile exposure gave 
the interesting result you see on fig. 2 it is quite clear that the stripes 
follow the same course as the arteria nutrilia and its larger branches 
in the tibia. 1 wrote to Mr. Johannessen asking him to take a profile 
view of his case, and it showed exatly the same thing. If you compare 
these photos with injection-preparations of the tibia (I have here con- 
trasted my patient’s tibia with an injection-photo of a tibia from the 
same age class (fig. 3), and also from a foetus (fig. 4) it can be seen 
quite clearly that the changes — the streaky, enchondromatous forma- 
tion — in Ollier’s disease are primarily an affection of the cliaphysis. 
l’he part you see on the foetal preparation in fig. 4, and which shows 
exactly the same characteristic course of the arteria nutritia as on the 
preparations from the 7-year old, has nothing to do with the part of 
the diaphysis originating from the epiphysis, it is a piece of the ossified, 
primordial cartilage of the diaphysis which is shown here. The arteria 
nutritia enters the tibia rather high up, and runs with a markedly 
downward direction through the posterior cortical wall to reach the 
marrow cavity, where it splits up into branches running up and down the 
shaft. This course is reflected very clearly in the position of the chon- 
dromatous stripes in Ollier’s disease. You will notice a distinct 
thickening corresponding to the entrance of the artery, and a marked 
upward translucency beginning near the posterior cortical wall rather 
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more distally, and obviously corresponding to the ascending branch 
of the nutrient artery. 

We need not explain in detail that these changes, both with regard 
to their position in the bone and their special course, cannot have any- 
thing whatever to do with bone originating in epiphyseal deposits during 
the growth in length. 

Other attempts which I have made to clear up the problematic 
etiology and pathogenesis of Ollier’s disease (experiments with animals 
etc.) will be found in my original account in Acta Radiologica vol. 3. 

My reason for stressing the above on this occasion, and in this place, 
is, of course, that I must disagree with most of what Anders Langen- 
skiold has written about Ollier’s disease, which he regards as a dis- 
turbance of the epiphyseal growth (as Ollier himself and several other 
earlier authors also did). 

A few further features are still to be added: Marked disturbances 
in the epiphysis e.g. Calve-Perthes’ disease and Kohler II, do not impair, 
or at any rate only to very slight degree, the growth in length of the 
diaphysis. What makes Ollier's disease particularly interesting to my 
mind is that it is a condition in which the ossification process of the 
diaphysis is disturbed, and in this connection it must be pointed out 
that the deposition of bone, which is responsible for the greater part 
of the growth in length of our long bones, and which takes place 
juxtaepiphyscally, is in reality a diaphyseal process. By that I mean 
particularly that it is the diaphyseal arteries which, nourish this 
longitudinal growth. Therefore it is comprehensible that a disturbance 
in the diaphysis, such as that found in Ollier’s disease, is particularly 
likely to cause a considerable shortening of the diaphysis concerned. 

DISCUSSION: 

A. Langenskiold, Bentzon. 

EXPERIENCES WITH A BONE BANK 

by L. Hull (Stockholm) , 

The theoretical and practical requirements of a bone bank were 
discussed. Bone can be kept sterile at -f- 15’C for practically as long as 
one likes. At the Orthopaedic Clinic of the Karolinska Institute hone 
from the hone bank, taken from 75 different donors, has been used for 
48 operations, with good results in all cases. The use of stored bone 
means that in many cases there is a considerable reduction in the 
severity of the operation, and it is recommended for this reason. 

(To be published later in Acta Orlhopaedica.) 

DISCUSSION: 

Scverin, Agerholm-Chr isle risen, Fribcrg, F. Langenskiold, Unit. 
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Storen : I have had an experience which supports Prof. Langenskiold’s 
opinion that homo transplants tend to be resorbed. 

In 1944 I showed to the Oslo Surgical Society a girl, then aged 4 
years, who had a congenital pseudarthrosis of the' tibia, with a con- 
siderable gap between the hone ends; this gap was further increased 
when I had had to resect the ends in order to reach an open medullary 
cavity. As not enough hone could be obtained from the child herself 
the mother was laid on one operating table and the child on another. 
Two full-thickness grafts, were taken from the mother and inserted in 
the child, so that they were in wide contact with the open medullary 
cavities of the two tibial ends and formed a gutter. The space was 
filled with tightly packed bone chips taken from the child’s own healthy 
tibial metaphysis. 

It looked fine — but gradually the mother’s tibial grafts were “eaten 
away”. We could follow the process on the radiographs. Finally, there 
were only two thin irregular shadows, and these did not form useful 
bone. I have repeated the operation now that the child is 7 years old, 
but I do not believe that the result will be any better this time. 

DEMONSTRATION OF A BILATERAL KRUKENBERG AMPUTEE EARN- 
ING HIS LIVING AS A DRIVER 
by K. E. Kallio (Hensinki) 

As will perhaps be remembered, I showed at our meeting in Stock- 
holm in 1947 a film of the results in cases in which I had done Kru- 
kenbcrg operations (Acta Chir. Scand. 1948:97:165). 1 will not therefore 
discuss the subject further, hut will only demonstrate a particular case. 

The patient is a man aged 29 year. He was wounded on 29.6.45 by 
a German land mine in North Finland, and both forearms had to be 
amputated immediately: in addition, there was an injury of the left leg. 
On admission to our orthopaedic hospital he was already in a state 
of deep psychial depression, which persisted for as long as he was help- 
less, without hands. The following spring, both the leg and his general 
condition had improved enough for me to he able to perform a Krukcn- 
berq operation on the R. side on 19 Feb,, and on the L. side on 22 April. 
As the stumps were short it was possible to cover the two branches 
with their own skin, and this considerably shortened the duration of 
treatment. Training of the hands was rapid, and his depression disap- 
peared as soon as he could wash himself, shave, dress and undress, etc. 
He was discharged on 1.7.46. 

Du rig his convalescence he occupied himself with interior decorating, 
weaving, cycling and rowing. As he was an iron founder by trade he bad 
to learn a new occupation. He decided to trade. For a beginning, he 
transported his goods himself, on a sledge in the winter, and on a 
barrow in the summer. When h is business improved, he bought a 
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horse, and taught himself to harness it and look after it without help. 
In the autumn of 1948 he came to me because he had bought a car for 
his work. First, lie thought of employing a driver, hut as he could take 
the engine apart and put it together again, he had boldly decided to 
fit the car with modifications so that he could drive it himself. His plans 
for these modifications were already prepared, and he wanted our 
orthopaedic workshop to carry them out. He was, however, afraid that 
the police authorities would not give a driving licence to a man without 
hands, unless his surgeon could convince them that the • Krukenberg 
hands were fit for driving a car. He was given the certificate and, never 
having driven a car before, he went to a driving school and obtained 
his driving licence. Since then he has already driven 15,000 km. all 
over the country alone, earning his living by trading in cloth. 

I will now ask my colleagues to come outside to see this man 
driving his car. You will see that the stumps are indeed short; the 
left one is 15 cm. the right 16 cm. long, and that the branches are there- 
fore not longer than 6 and 7 cm. respectively. The branches move 
directly against each other and, as you can feel, his grip is strong. The 
sensation is good; the rate of movement is about 100 a minute. He has 
never used his prostheses, as they would make it impossible for him to 
carry on his trade. The car is a Chevrolet, and the special modifications 
can be seen: the choke, the hand gas, the gear, the lights, and the wheel 
with extra spokes (See pictures 1, 2 and 3). Now we can see how he 
starts the engine, uses the gear, releases the hand brake, starts the car 
and shows his driving abilities. 

The result emphasises the Anglo-Saxon conception of rehabilitation 
or, in this special case, the importance of an arrangement whereby the 
same surgeon from the very beginning of the treatment has an intimate 
personal contact with his patient, performs all the reconstructive opera- 
tions, supervises his training, and does not regard his work as finished 
when the patient leaves the hospital, but only when he is completely 
established in the employment most suitable for him. 

DISCUSSION: 

Bentzon: Kallio’s achievements in this patient are impressive, and 
it is particularly interesting to hear an account of the “psychological- 
social” side of the problem, which has been as important for the linique 
result as the brilliant plastic surgery which he used for the Krukenberg 
operation. I should like to take the opportunity to thank Kallio officially 
for his help with a similar case of bilateral forearm amputation, in 
which he did a Krukenberg operation for us at Arhus. The patient, a 
young mechanic, was at that time, before the operation, well on the 
way to becoming “demoralised” by his absolute idleness, Now he has 
an exellent position as telephone operator and messenger-foreman for 
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the Arhus telephone company, writes exellently with his Krukenberg 
stump, and fulfills all his duties. 

In my opinion the Krukenberg operation is indicated in patients 
who have lost both hands. We have, however, fortunately, so few of 
this kind of patient in Denmark that we can with difficulty get sufficient 
experience of its use. I personally would prefer to send all these patients 
to Kallio for their operation. 

ARTHROSIS ACROMIO-HUMERALIS 

by Agcrholm-Chrisfensen (Copenhagen) 

This term is suggested as the name of a group of painful shoulders, 
which appear to show a common clinical and anatomical picture. 

The patient complains of pain and clicking when the arm is brought 
into maximal abduction and flexion. The top of the head of the humerus 
is tender anteriorly. Radiography shows a defect of the head of the 
humerus at the edge of the cartilage at this point. At arthrotomy is found 
a defect in the compacta and . cartilage anterior to the supraspinatus 
tendon where the head of the humerus abuts against the acromiom when 
the arm is in maximum abduction with flexion. Partial resection of the 
acromion is suggested as treatment. 

DISCUSSION: 

Wiberg. Bcntzon, Agerholm-Chrislensen. 

AGREEMENT BETWEEN CLINICAL SIGNS, ABRODIL MYELOGRAPHY 
AND THE OPERATION FINDINGS IN 350 CASES OF PROLAPSED 
LUMBAR DISC 
by L. J lull (Stockholm) 

In 95 c / 0 of cases with positive abrodil myelography findings, there 
were also positive operation findings at the level indicated, even when 
there were no clinical signs from that level. A negative abrodil myelogram 
does not exltide a disc prolapse, especially if there are marked clinical 
signs. In 11 cases which were operated on in spite of negative myelo- 
graphy, and in which there were no clinical signs of the level of the 
lesion, no prolapse could he found in any case. The investigation showed 
that abrodil myelography is a valuable aid in the diagnosis of ruptured 
disc. 

DISCUSSION: 

Gunnar Wiberg (Lund): The value of myelography in the diagnosis 
of ruptured disc has been discussed, and I have myself maintained that 
in the majority of cases one can diagnose a root compression bv a 
careful clinical examination. At the time when I began to operate 
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without preliminary myelography, complications became more frequent 
than they are nowadays; but in spite of this I still believe that it is 
unnecessary to use the method routinely. Undoubtedly, myelography 
has its use in doubtful cases, but by itself it is by no ipeans 100 % 
certain, particularly in cases with lumbosacral prolapses, in which the 
anatomy of the dural canal is known to allow a prolapse to he present 
without its being necessarily shown on the myelogram. 

A. Langenshiold, Friberg, Halt. 


ON SUBTROCHANTERIC OSTEOTOMY FOR WEAKNESS OF ABDUC- 
TION OF THE HIP AFTER INFANTILE PARALYSIS 
by E. Lehfonaara (Helsinki) 

Paresis of abduction of the hip after infantile paralysis causes much 
the same impairment of function as congenital dislocation of the hip. 
The main disability consist in the marked tilting toward the affected 
side, when weight is put on the paralyzed leg, and a strongly positive 
Duchenne-Trendelenburg sign. For the correction of this deformity we 
have at the Orthopedic Hospital of the Rehabilitation Center of the 
Invaliidisaatio — Invalidestiftelsen used the subtrochanteric osteotomy 
of Shanz, particularly because this operation has in our hands given 
good results in correcting congenital dislocation of the hip. 

The technique has been mainly the same as that of Schanz, except 
that the osteotomy is made in a particular way, with angleshaped 
fracture surfaces. Immobilization in plaster is maintained for 8 weeks. 
The avarage duration of treatment has been 3 months. 21 cases have been 
treated in this way, of which 18 have been followed up. The results of 
the treatment were good or satisfactory in 18 cases on discharge, and in 
13 cases at the follow-up examination. 3 of the cases with had final 
results had already been acknowleged as failures before discharge. The 
failures were due to straightening of the osteotomy angle because of 
unsatisfactory immobilization. For this reason, fixation of the osteotomy 
fragment with a metal plate and screws being tried. 

In all cases with a satisfactory result it was found that the stability 
of the hip had improved, and with it the ability to walk. The tilting 
of the upper part of the trunk was reduced, and in some cases nearly 
eliminated. In most cases Duchenne-Trendelenburg’s sign had become 
negative. There was no disabling reduction of mobility nor any pain 
in the hip. 

DISCUSSION: ' 

Bern (sen, Wallgren, Wibcrg, F. Langenshiold, Lehtpvaara. 
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MORTON’S DISEASE 

by jV. Rinqcrtz and L. Unancler-Scharin (Stockholm) see p. 327. 
DISCUSSION: 

Bentzon suggested that the condition is clinically characteristic, but in 
its pure form is not very common. It is the occurrence of attacks of severe 
pain localised to a single metatarso- phalangeal joint which are the 
main symptom. In refractory cases he has done a simple but quite 
extensive resection of the metatarsal head. It is a minor operation, which 
can be done through a small dorsal incision, and has always been 
effective. In no case has there been any trouble from the loss of one 
of the three middle (II, III, IV) metatarsal heads. 

K. E. Kallio: A few weeks ago a patient came to me with Morton’s 
disease. He had already been ordered foot supports, but the pain had 
got steadily worse and persisted day and night. I removed the interdigital 
nerve between the 3rd and 4th metatarsals and found the neuroma, 
which I now have in a bottle. The patient lost his pain immediately 
and the lateral side of the foot, which had become insensitive, recovered 
its sensation. 

Lindstrom, F. Langenskiold, Seuerin, Agerholm-Christcnsen, Friberg, 
Elloncn. 

THE TREATMENT OF CONGENITAL CLUB-FOOT IN CHILDREN, AND 
ITS LATE RESULTS 
by Sloren (Stavcrn) 

The various reports of late results of the treatment of club-foot all 
suffer from different weaknesses. The most common failing is that the 
follow-up period is too short. In club-foot particularly it is right to 
say “do not judge the day until the sun has gone down”. 

I have personally treated and followed up 104 children with, in all. 
177 club-feet. These arc classified according to the original degree of 
deformity and the degree of fixation into mild, moderate and severe. 

A curve shows that the majority, 64, had a severe degree, 30 a moderate 
degree and 10 a mild degree of club-foot. The relapse rale is seen to be, 
as would be expected, greatest among the primarily worst cases: i.e. 
97 with 66.7 % among the moderate cases, and 30 % among the 
mild. The greatest number of relapses occurred at 7-8 years of age. 

The high figure for the relapse rate is due to the high standard 
required for a good result. All cases with a tendency to relapse arc 
counted as relapses — but if in these cases the right treatment is applied 
in good time, the results are very good. (Resistant relapse cases which 
later developed normal feet were shown on a film). 
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2 cases, which, after 6 months treatment from 2 weeks old developed 
normal feet without any tendency to relapse — without any after treat- 
ment — are excluded. These cases arc assumed to have had another 
aetiology than the normal club-foot. They may be examples of the old 
theory of abnormal position and pressure in utero. The tendency to 
relapse is quite’ different in common club-foot, and has certainly a 
quite different fundamental cause. 

Club-foot in arthrygryphosis multiplex is usually of a different 
type from the usual club-foot — it represents congenital defects of the 
muscles and joints of the feet as found in the other joints. 

Another weakness of the different follow-up investigations is the 
different evaluation of the results. ■What one calls a good result, another 
calls a bad result. 

(A picture from J. Bone Joint Surgery, October, 1947, was shown). 
This is described as “an exellent. result 3 years after treatment”. 

I call it a less good result, showing incepient relapse. As comparison 
I should like to show one of my own cases, which, 5 years after treat- 
ment, looks considerably better, hut which, I consider, shows incipient 
relapse of one foot. 

I will also show how photographs by themselves can lie. The -foot’s 
position in walking must he shown — either on a film or in real life. 
The result can be assessed only from a film or from the patient. 

Radiographs are also necessary; they must be taken not only from 
above, to show the talo-calcaneo angle and the foot axis, but also from 
the side, with the foot in maximum dorsiflexion. In this way rocker -foot 
will be found where least expected, since in feet with apparently good 
dorsiflexion a good part of the dorsiflexion actually occurs in Chopart’s 
joint. (Photographs and radiographs). 

' Radiographs taken from the side in this way, ought especially to 
be claimed of those who think that elongation of the tendo Achilles 
can be avoided by their treatment, for instance treatment with Dennis 
Browne’s splint and its varied modifications. 

It is the general experience that it is difficult to obtain satisfactory 
dorsiflexion of the foot, although one lengthens the Achilles tendon at 
an early stage in the treatment. Posterior capsulotomy, lengthening 
of the other plantar flexors, and traction on the heel with different 
apparatuses, helps a little. From this I conclude that the anterior part 
of the trochlea of the talus becomes too wide for the mortise at an very 
early age. Therefore, I lengthen the Achilles tendon at an early stage, 
as early as 6 months in cases where the radiographs show rocker-foot. 
This is not necessary, however, in cases where the arch of the foot shows 
such marked excavation that there is no risk of failure in Chopart’s 
joint when the foot is forced into dorsiflexion. I always over-correct. 
I have never seen over-correction persist in the valgus plane, but I have 
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seen some relapses of over-correction in the equinovarus. I distinguish 
from pes piano valgus, a “pes planovalgus spuria", which clinically 
resembles pes piano valgus, but has a small talo-calcaneus angle. Pes 
piano valgus spuria is often associated with rocker-fool (Photos and 
radiographs). 

1 disagree with the old orthopaedic principle that weight-hearing 
in the correct or over-corrected position prevents relapse, and think 
that I have demonstrated this satisfactorily in these follow-up investiga- 
tions. I do not deny that weight-hearing in the correct position is of some 
importance in preventing relapse hut I believe that this is over-estimated. 
In contrast to what has been said by C. G. Thomasen, a big angle between 
the talus and the calcaneus is no guarantee against relapse. I will de- 
monstrate this with radiographs and photos. The author’s method of 
treatment has been to obtain the greatest abduction possible and put 
the foot in plaster, as early as possible, preferably the day after birth. 
The plaster is changed with further correction a few days later. Over- 
correction is seldom obtained later than after 2 weeks. I follow the 
well-founded reduction principles described by Thomasen in 1940. but 
I use other holds for the manipulation. I find his holds are more difficult, 
and that with them I cannot correct the more severe degrees of adduc- 
tion and inflexion contracture, which is many times greater than the 
normal maximum supination, even though this position is the anatomical 
starting-point. Demonstration of holds with photos, and after that 
moving pictures of cases of severe club-foot treated from 2-30 days after 
birth, now 9 years old. The feel and gait appear normal and have a 
normal range of movement. When there was a tendency to relapse 
several years ago, treatment was begun in time. 

A bilateral case with a tendency to relapse on one side, only visible 
when walking: here I shall interfere, and the result will be, as in the 
others, a normal well-developed fool. 
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